
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



Q£ 
in 



Iiiffli iiJifl III IH HI HI H ^wMiiMimi 
IIIIIIINIIIIII 



B 3 S4D 73T 



IWM 



'OLOGICAL SURVEY 



BULLETIN NO. 2. 



A Preliminary Report on the Peat 
Resources of Iowa 



AHO 



A Report on the Tests of Iowa Coals 

Made by the Government Coal-Testing 

Plant at the Louisiana Purchase 

Exposition, St Louis, Mo., 1904 



fnkHK A* WILDER. PM* 0», STArc <3l€ol.oatftT. 
T, £* 8AVAd€* Mi tfTANT STATE QEOLOaiST* 




DBS ^ ^ 

1905 



t'BRARY I 5*«« 



r 



EXCHANGE 





f 



WNIVBttllYOF I uni!^ 




r 



f 



^^-i'.?. 



IOWA 



GEOLOGICAL SURVEY 



BULLETIN NO. 2. 



A Preliminary Report on the Peat 
Resources of Iowa 



AND 



A Report on the Tests of Iowa Coals 

Made by the Government Coal-Testing 

Plant at the Louisiana Purchase 

Exposition, St. Louis, Mo., 1904 



FRANK A, WILDER. PH. O.. STATE GEOLOGIST. 
T. E. SAVAGE, ASSISTANT STATE 6EOLOQIST. 




OESIMOINES 
Published for Iowa Gbologicai, SmvBY 
190S 






tOENCll 

Umaxy 



A Preliminary Report on the Peat 
Resources of Iowa 



AND 



A Report on the Tests of Iowa Coals Made 

by the Government Coal -Testing 

Plant at the Louisiana Purchase 

Exposition, St Louis, Mo., 

1904 



BY 



T. E. SAVAGE. 



/■/".•■; 5: :•■ 



^ 



CONTENTS. 

'A Preliminary Report on the Peat Resources of Iowa. 

Introduction ' 5 

Composition of peat 6 

Comparative table of analyses 6 

Conditions of peat accumulation 6 

Manner of accumulation of Iowa peat beds 7 

Distribution of peat marshes in Iowa 8 

Location and description of individual marshes 9 

Peat deposits in Worth county 9 

Fertile township area 9 

Northwood area 9 

Norman area. . .- 10 

' Peat in Winnebago county 10 

Scarville area 10 

Lake Mills area .' 10 

Forest City area 11 

Thompson area 11 

Marshes in Hancock county 11 

Kanawha area 11 

Duncan area ; 11 

Miller area 12 

Peat deposits in Cerro Gordo county 12 

Clear Lake area , 12 

Meservey area 13 

Peat areas in Wright county 13 

Clarion area 13 

Dows area 13 

Marshes of Franklin county ., 13 

Peat deposits in Emmet county i . . 13 

Armstrong area 13 

Marshes in Palo Alto and Clay counties 14 

General statement 14 

Uses of pieat 14 

Peat as a fuel 15 

Table showing calorific power of peat and other fuels 15 

Preparation of peat fuel 16 

Cut peat 16 

Machine peat 16 

Cost of mills 17 

Peat briquettes • 18 

Cost of plants 18 

Special apparatus for burning peat l9 

Peat as a source of producer-gas 19 



333258 



t'BRARY I ^S2L 

WNIVBtSITYOf I 1^"**^ 



CAI'KHINIA 



Ufi«A«y 





Cost of peat gas plant 

The peat industry in Iowa : 

Concluding remarks ; 

Report on the Tests of Iowa Coals Made by the Government Coal- 
testing Plant at the Liouisiana Purchase Exposition, St. Louis, 

Mo., 1904 

Preliminary statement 

Securing the samples 

Collecting the samples 

Chemical analyses and calorimeter determinations of the Iowa coals 

tested : 

Methods of analysis i 

Table of analyses [ 

Washing tests 'i 

Coking tests ■ 

Table showing results of coking tests : 

Briquetting tests • 

Steam tests : 

Table of results of steam tests. . . ^ 

Producer-gas tests : 

Table showing results of coal tests under boiler and in gas producer J 
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RESOURCES OF IOWA. 

BY 

T. K SAVAGE. 



INTRODUCTION. 

For several years It has been known that considerable quantities of 
peat existed in the marshes of northern Iowa. As early as 1867 Dr. 
Charles A. White made some observations on these deposits and called 
attention to their importance.'* 

In the present series of Geological reports the presence of peat is 
noted in a few counties, but no attempt was made to determine the ex- 
tent or the quality of such beds. 

In recent years the increase in the cost of fuel and, especially, the 
improvement in the methods and the machinery by which peat is pre- 
pared and utilized, have so stimulated the development of the peat in- 
dustry that such deposits promise to become important sources of heat, 
light and power. 

For some time the Director of the Iowa Geological Survey has been 
planning a systematic study of the peat deposits of the state, but until 
recently this has been deferred owing to the pressure of other lines of 
work that seemed to be more imperative. However, the investigation 
was taken up during the summer of 1905, and the field work was 
assigned to Mr. L. H. Wood, under the supervision and with the 
assistance of the State Geologist. 

A thorough examination of the individual marshes was undertaken 
to locate those that were productive, to learn the extent and the depth 
and the quality of the peat which they contain, and to collect samples 
from the several deposits from which analyses and tests could be made. 

The marshes of the state proved to be richer in vegetable deposits 
than was anticipated. In view of the large quantity of peat that was 
located, and because of the growing importance of this industry, it was 
thought desirable to publish a general report on the peat resources of 
the state in the form of a bulletin, preliminary to the more com- 
plete report which will embody the results of the analyses and tests 
that are yet to be made. 

The data relative to the distribution, location and description of 
the peat-bearing marshes are taken from notes made by Mr. Wood. 
Many of the facts relating to the manufacture of peat fuel, and 
cost of machinery were obtained from a paper by W. E. H. Carter m 
the Twelfth Report of the Ontario Bureau of Mines, and from Special 
Consular Reports, Volume XXVI, which treats 6f Briquettes as Fuel in 
Foreign Countries. 

•White: 1st and 2nd Annual Reports of Progrees, pp. 121-185. 1868. 
See also, GeoL of Iowa, YoL 2, pp. 276-288. 1870. 
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COMPOSITION OP PEAT. 

Peat represents the early stages in the carbonization of yegetabll 
matter, just as coal is the product of a more advanced stage of this 
same process. It is composed of plant tissues that have undergone more 
or less decomposition and chemical alteration. It varies from a yellow- 
ish or brown, fibrous substance in which the leaves and tissues of 
the plants are quite perfectly preserved, through different stages of 
decay and maceration, to a dark colored, mucky material in which little 
of the original structure can be recognized. 

There is always present in the peat a variable amount of mineral 
matter. This material may represent the ash or mineral constituents of 
the plants from which the peat was formed, or it may consist in large 
part of foreign matter derived from the silt borne by winds or from 
sediments carried by water. 

In the natural state peat always contains a high percentage of 
moisture which is with difficulty removed by drying. 

In Iowa marshes a large proportion of the vegetable matter is in a 
more or less fibrous condition. It is in part composed of the remains 
of aquatic species of mosses belonging to the genus Hypnum, but in most 
of the bogs the leaves and stems of rushes, sedges and other groups of 
water-loving plants have contributed the larger share. 

The following analyses will show the composition of samples of 
Sphagnum moss, oak wood, New Jersey peat and Illinois coal. The 
table also shows the gradual increase in the percentage of carbon 
that takes place in the changing of the vegetable matter to peat, and 
in its further alteration to bituminous coal. 

Comparative Table Of Analyses 

Material Cai^n Hydrogen Oxygen Nitrogen 

per cent, per cent. per cent, per cent. 

♦Sphagnum moss 49.88 6.54 42.42 1.16 

♦Oak wood 50.60 6.00 42.10 1.30 

♦New Jersey peat 58.00 6.36 31.85 1.14 

tlllinois ooal 65.48 5.09 15.04 1.39 

The close similarity between the composition of Sphagnum moss and 
oak wood will appear from the table, and the decrease in the propor- 
tion cyf oxygen as that of the carbon content increases will also be 
observed. The best grades of peat contain lo to I2 per cent more of 
carbon and lO to I2 per cent less of oxygen than the vegetable matter 
from which it was formed., 

CONDITIONS OF PEAT ACCUMULATION. 

In order that vegetable matter may be preserved in the form of 
peat the material must accumulate under water where it will undergo 
imperfect decomposition without free access of air. When plants decay 
on the surface of the ground the tissues are soon broken down into tie 

•BiM : 21at Report of the State Geologist of New York, pp. 68 and 61, 1£01. 
tSeethlBbnUetln, p. 88. 
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simple compounds out of which the vesstsble structures were built, and 
the materials are returned to the air in the form of carbonic acid gas, 
water and ammonia. The humus of the soils and the leaf mould of the 
forests represent the products of incomplete oxidation or decay of organic 
matter on the surface of prairie and woodland. 

Under water, where the supply of oxygen is limited, decomposition of 
vegetable matter is much less rapid and complete. In the water contain- 
ing such matter there are also present soluble acids whose antiseptic prop- 
erties serve further to hinder the process of plant decay. Under these 
circumstances small quantities of carbonic add gas, marsh gas and nitro- 
gen are slowly liberated, but there are left much of the hydrogen and 
the greater portion of the carbon. The further such decomposition 
proceeds the higher is the proportion of carbon that remains, as is shown 
in the foregoing table. 

Conditions favorable for the accumulation of peat are usually pres- 
ent in swamps or marshes or around the margins of srtiall lakes or 
ponds. In such places the vegetation is usually luxuriant, and as the 
successive generations of plants die their stems and leaves fall in the 
water and are there protected from complete decay. 

MANNER OF AOCUMJULATION OP IOWA PEAT BEDS. 
\ 

When the glaciers melted from our state they left a comparatively 
level surface which was broken by numerous minor inequalities. De- 
pressions of varying extent and depth dotted the prairies, and were 
especially abundant over a belt near the margin of the respective ice 
sheets known as the terminal moraine. Such basins became filled with 
water and formed lakes and marshes which are still conspicuous topo- 
graphic features of northern Iowa. Such bodies of water are quite free 
from sediments, and furnish congenial conditions for the growth of a 
large variety of plants. 

Marsh-loving forms soon established themselves around the shallow 
margins of these pools, and lowly algae flourished in the deeper water. 
Aquatic mosses spread widely over the surface in tangled mats and 
long, floating strands. As the growth of each year was completed the 
dying leaves and stems and filaments fell to the bottom and were em- 
balmed together by the water of the bogs. As the seasons of the cen- 
turies came and went the water was constantly shallowed and the 
borders of the basinswere constantly narrowed by the accumulation of 
plant remains. The grasses and sedges kept crowding each other 
further out from the shore, the amphibious rushes pushed out further 
still, while among and beyond these the water-loving mosses reached 
constantly toward the center. As the deposit deepened the alteration 
of the materials continued and the vegetable matter became more and 
more compacted into peat. 

The rate of accumulation of these deposits depends largely upon 
the character of the vegetation which the marsh supported. Where the 
plants consisted chiefly of species of mosses the increase was made very 
slowly, but where the deposit is made up of the remains of coarser 
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plants, the accumulation grew more rapidly. The stage of filling at 
present attained in the lakes of our state depends also upon the size 
of the lake and the original depth of the basin. 

In north-central Iowa, lake filling by the accumulation of vegetable 
debris has been in progress ever since the retreat of the Wisconsin 
glacier. At the present time the history of many of the smaller lakes 
and marshes has been completely closed; areas of swamp soil being 
the only witnesses to the former existence of water, and the only in- 
dication of imderlying deposits of peat. 

In other lakes the filling is but partially completed, and they exist 
today as broad, shallow marshes overgrown with moss and rush and 
sedge, whose stems and leaves still contribute an annual increment to 
the vegetable accumulation on the bottom. 

In the larger and deeper lakes, where wave action was stronger, 
there are no deposits of vegetable matter or but a discontinuous fringe 
which represents the initial deposit of a future bed of peat. 

DISTRIBUTION OF PEAT MARSHES IN IOWA. 

The peat deposits of Iowa occur in the north-central portion, over 
the area that was covered by the Wisconsin ice sheet. They are espe- 
cially well developed in a belt eight to twelve miles in width around 
the margin of this area, among the ridges of the moraihe. In such situ- 
ations the water level of the lakes is held higher and more constant 
than over the level lands. The basins also are deeper, thus pre- 
venting a large proportion of mud being mixed with the vegetable 
material through the borings of crayfish. The gentle slopes that border 
the depressions were until recently covered with forests which pro- 
tected the growing deposits from contamination by silt or sediments 
from wind or water. For these reasons the morainic basins generally 
contain deeper and purer deposits of vegetable matter than are found in 
the marshes over the prairies. 

The greater number of good bogs occur among the hills of the 
Altamont moraine, on the eastern border of the Wisconsin drift plain. 
They cover areas of varying extent in the west half of Worth, Cerro 
Gordo and Franklin counties and the eastern portions of Wright, Han- 
cock and Winnebago. Between this eastern belt and the west side of 
the Wisconsin drift area there are occasional marshes that contain con- 
siderable peat. The largest of these occur in the counties of Emmet, 
Palo Alto and Clay, while smaller areas are found in Dickinson, Kos- 
suth, Green and Calhoun counties. 

The quantity of peat in the Iowa marshes, distributed by counties, 
can be computed by multiplying the number of acres of peat-bearing 
marsh land in each county by the average depth of the peat in yards, on 
the assumption that one acre of peat, three feet in depth, would produce 
I, coo tons of dried fuel. 

On this basis Worth county should yield in round numbers 6,000,000 
tons of dry peat fuel; Winnebago county 8,000,000 tons; Hancock 
county 3,000,000 tons; Cerro Gordo county 10,000,000 tons; Wright 
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LOCATION AND DESCRIPTION OF INDIVIDUAL MARSHES. 9 

county 1,000,000 tons; Franklin county 1,500,000 tons; Emmet county 
2,cxx),ooo tons and Clay and Palo Alto counties 4,000,000 tons. 

If we would be very conservative and estimate the yield of peat per 
acre, three feet in depth, at only 600 tons* of dried fuel, we would still 
have about 22,000,000 tons of such fuel located in northern Iowa. 

The distribution of the marshes, and their relation to the border of 
the Wisconsin drift sheet are shown on the accompanying map. 

LOCATION AND DESCRIPTION OF INDIVIDUAL. MARSHES.! 

PEAT DEPOSITS IN WOBTH COUNTY. 

The peat-bearing marshes of Worth county occur in the townships 
of Fertile, Bristol, Silver Lake and Hartland. 

Fertile township area, — ^About two miles west of Hanlontown, in 
the southern portion of Fertile township, is a large marsh known as 
Goose lake. It lies partially in sections 21, 22, 26, 27 and 28, and 
covers an area of from 600 to 800 acres. Two test borings at widely 
separated points showed a depth of 12 and 13 feet, respectively, of 
clean, fibrous, fairly dry vegetable matter. 

Near the west side of this same township a marsh, 150 to 180 
acres in extent, covers portions of sections 18, 19 and 30. A boring 
near the middle of section 19 showed a depth of 8 feet of peat. 

In the northeast comer of Fertile township, and extending across 
section 7 of Danville, is a broad slough that embraces 160 to 200 
acres, and contains a depth of 13 feet of clean, solid peaty material. 

The above marshes and others of smaller extent, make Fertile 
township a rich center for peat. They could all be worked from 
Hanlontown, the nearest railroad station from which the most distant 
bog is about five miles. 

Rice lake, in Bristol township, is bordered with vegetable deposits 
some of which are very deep. At the east end there is an area of 200 
acres in which the deposit tested 12 feet in depth. An arm of this lake 
covering several hundred acres extends towards the southwest into 
Winnebago county. 

Two and one-half miles east of Joice a marsh covering 50 acres tested 
7 feet of solid peat, and another good deposit lies nearer to the town. 

The larger marshes of Bristol township are convenient to the 
Lake Mills area, in Winnebago county. 

Northwood area. — In Hartland township a narrow slough extends 
for three miles along a creek in sections 33, 34 and 36. This area 
embraces more than 200 acres and tested 9 feet in depth. Along 
Goose creek, in sections 13, 14 and 15, a marsh nearly as large as the 
last tested 3 to 10 feet of vegetable material. This deposit is some- 
what scattered along the creek but might become valuable if worked 

*Traii8. Am. Init. of Mining Bngineera, Vol. XXXV. p. 101. ltX)5. 

tA sofflolent nnmber of boringa to determine the aTorage depth of the vegetable ma- 
terial in the different marshee oonld not well be made. However, the flgnree given 
represent actual measorementi taken, and it ie believed that they will be a fairly reUable 
guide with regard to the relative thiekneu of the peat deposits in the several marshes. 
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in connection with the very large area around Grass lake, a short dis- 
tance north of the state line. 

Norman area. — ^A large quantity of peat covers the bed and fringes 
the border of Bright lake, within one mile of the town of Norman. A 
small marsh in section 36 of this township also contains a good depth 
of peat. A boring in the marsh at the east end of Silver lake passed 
through 13 feet of vegetable debris. 

PEAT IN WINNEBAGO COUNTY. 

One and one-half miles southwest of Norman, a grass-grown 
slough, covering between 200 and 250 acres in section 14 of Norway 
township, tested 5 feet of dense, brown colored peat. 

Scarville area, — ^A marsh about one mile southwest 6f Scarville 
covers nearly 200 acres in section 22 and 23 of Logan township, and 
contains peat 7 feet in depth. South of Harmon lake, in section 21, a 
small marsh covers 50 acres, and at the north end of the lake, in sections 
20 and 21, is another nearly equal in size. Both of these contain a good 
depth of vegetable debris. 

Two mile-: southeast of Scarville a swampy area lying north of the 
railroad includes portions of sections 20, 21, 27 and 28 in Norway 
township. This marsh is not uniform in depth, but borings in section 
28 showed a depth of 6 to 15 feet of peaty matter. 

Lake Mills area. — ^The thriving town of Lake Mills, in Center 
township, is fortunately located for the production of peat. Swamps 
aggregating 800 to 1,000 acres surround the town at a distance of from 
one to three miles, and two lines of railroad afford good facilities for 
distributing the product. 

In section 34 and 35 of Norway township, a marsh covers 20a 
acres and tested 10 feet of peat. A bog of 100 acres, in section i of 
Center township, extends east into Worth county, and tested 13 feet of 
accumulated vegetable matter. Marshes in sections 3 and 4, about one 
mile west of town, aggregate nearly 300 acres and showed peat to a 
depth of 8 to 15 feet. 

A filled lake basin extends from the south end of lake Greeley to 
the west end of Rice lake. A few wooded islands occur over this marsh 
but the greater portion of the area is covered with a deposit of peat 
which, near the east end, tested 13 feet in depth. A marsh that lies 
across section 26 of Center township, in a northeast-southwest direc- 
tion, represents the northeastward extension of Walnut lake. Near 
the middle of this swamp a boring passed through a depth of 13 feet 
of peat. Southeast of Walnut lake a marsh extends for two miles, 
invading the northeast corner of Mount Valley township. In section i 
of the latter township, a marsh covering 40 acres showed a maximum 
depth of 10 feet of vegetable matter. 

Another swamp, embracing nearly 80 acres, covers a portion of 
sections 2 and 3 of the latter township and of section 34 of Center. 
This area tested 9 feet of peat. All of the marshes of Center township 
and those in the northeast corner of Mount Valley belong naturally 
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to the Lake Mills area. In the process of excavating the peat a water- 
way could, with little expense, be opened to the northward from the 
latter marshes above described through those between Walnut lake and 
Rice lake and on through the bogs connecting Rice lake with lake 
Greeley. Through such a channel the peat from several hundred acres 
of swamp land could be brought to Lake Mills by water and there pre- 
pared for shipment. 

Forest City area. — ^About five and one-half miles northeast of Forest 
City, a marsh covers nearly 200 acres in sections 16 and 17 of Mount 
Valley township. A boring towards the north side of this marsh 
showed 10 feet of clean, solid vegetable material. Other marshes, to- 
gether covering more than 100 acres, in sections 28 and 33 of this 
township, showed a depth of 13 feet of plant debris. This latter area 
consists of narrow bogs separated by north and south ridges of morainic 
material. The peat seems to be very pure and the bogs are fairly dry. 

Near the south side of section 32, Forest township, a marsh covers 
more than 100 acres and contains a depth of 3 to 4 feet of vegetable 
matter. There are other scattered bogs of small extent in this portion 
of the county. 

Among the hills in sections 24 and 25 of Mount Valley township 
there is an irregular basin over which marshes cover an aggregate of 
100 acres, and show a depth of 6 to 15 feet of peaty matter. This latter 
area would be most successfully worked in connection with the Goose 
lake marsh in Worth county. 

Thofnpson area, — ^A series of small swamps, separated by wooded 
ridges, occur in sections i and 12 of King township and sections 7, S 
and 17 of Newton. Together these cover more than 300 acres, and 
show a depth of 4 to 10 feet of peat which is dry, firm and very 
pure. 

MABSHES IN HANCOCK COUNTY. 

Many of the larger marshes of the county occur over level prairies 
and contain but shallow deposits of impure peat. 

Kanawha area. — ^Two miles northeast of Kanawha a large marsh 
covers 1 60 acres, in sections 22 and 23 of Amsterdam township. Borings 
over this area showed 3 to 4 feet of vegetable matter, while a well 
towards the north edge of the marsh is reported to have passed through 
8 feet of peat. 

A short distance south of East Twin lake a cat-tail slough covers a 
portion of section 29 and crosses section 32 of Twin Lake township. 
Tests near the margin indicated a depth of 3 to 5 feet of peaty matter. 
Much of this swamp is very wet, but the water could be drawn off 
to the eastward through the west branch of Iowa river into which 
stream the area has already been partially drained. 

Duncan area. — ^About one mile southeast of the town of Duncan a 
large marsh of 600 acres covers a portion of section 33 of Garfield 
township and of sections 4 and 9 of German. A ditch through this 
swamp drains the water to the southward. In the sides of this ditch 
good, clean peat is exposed to a depth of 3 to 6 feet. A small deposit 
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of peat also cxrcurs along the east side of Eagle lake. 

Miller area, — ^An unusually good deposit of peat occurs in a narrow 
slough one and one-half miles southeast of the town of Miller. The 
bog covers 200 acres and tested 10 feet of clean vegetable matter. 

A marsh is reported near the northeast corner of Concord town- 
ship, and small bodies of peat also occur along the east branch of lowd 
river between Miller and Hayfield Junction. 

PEAT DEPOSITS IN CEBBO GOBDO COUNTY. 

Practically all of the marshes of Cerro Gordo county lie in the 
west tier of townships. They are surrounded by low, morainic hills, 20 
to 50 feet in height. They are generally well drained, and contain 
peat deposits that range from 3 to 15 feet in depth. The peat is uni- 
formly clean and solid, and appears to be of excellent quality. 

Clear Lake area. — ^The city of Clear Lake is situated in the midst 
of a rich deposit of peat. In section 26 of Clear Lake township an 
ice formed embankment^ has cut off a southward extending arm from 
the main body of the lake. Over this area a marsh, covering more than 
80 acres, occupies portions of sections 26 and 35. Tests in this bog 
showed 10 to 12 feet of black peat. A short distance further south a 
drained marsh, 250 acres in extent, covers the southern portion of sec- 
tion 35 of Qear Lake township and section 2 of Union. Borings over 
this area showed a depth of 5 to 6 feet of vegetable matter. Still 
further south a swamp covers 300 acres in sections 11, 12, 13 and 14 
of Union township; and another marsh about equal in extent occupies a 
portion of section 24. The last two bogs are fairly dry and contain 
exceptionally pure deposits in which tests showed solid peat 12 'feet in 
thickness. In the southwest J of section 23 is a drained marsh, 60 to 
"So acres in extent, that tested 7 feet of clean peat. 

About one mile south of Clear Lake city, an ice formed wall sepa- 
rates another large marsh from Clear lake. From this ridge a bog ex- 
tends nearly three miles towards the southeast, covering nearly 600 
acres. Borings near the north end of this marsh indicated a depth of 3 
feet of vegetable matter and it is probable that the thickness increases 
further south. 

One and one-half miles north of Qear Lake a large marsh, 400 
acres in extent, occupies a portion of sections i and 2 of Clear Lake 
township and of sections 34, 35 and 36 of Grant. This marsh is 
well drained, and contains a fine deposit of peat that tested 5 to 7 
feet in depth. From the southwest J of section 34 a narrow slough 
extends two and one-half miles towards the southwest, and contains a 
good depth of peat. In the west half of section 6, Clear Lake township, 
a marsh, connecting with bogs in Hancock county, covers nearly 80 
acres, and showed a depth of 6 to 10 feet of peat. A smaller marsh 
in section 29 of Grant township contains a good deposit. A large 
swamp covering 400 acres, in sections 21, 22 and 27 of Grant township, 

■For an explanation of the manner la which these embankments were formed see Iowa 
<3eol. Survey, Vol. VII, p. 135. 
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tested 7 to 9 feet of vegetable matter, and a smaller one of i6o acres, 
in section 15, showed 5 feet. 

A marsh* of 200 acres covers a portion of section 25, and contains 
an excellent deposit of plant remains, 12 feet iix depth. 

Near the northwest corner of Grant township a good bog is reported, 
and a few promising marshes are found further east in the township 
of Lincoln. 

Meservey area* — ^About one mile northeast of Meservey, a drained 
marsh covers 60 to 80 acres in section 28, Grimes township. Borings 
over this area showed 8 to 9 feet of clean, solid peat. 

A large marsh in sections 19 and 20 is tile drained, and tested 7 
feet of pure vegetable debris. In section 3, a marsh of 60 acres showed 
5 to 7 feet of peat. The peat deposits around Meservey are small» 
but in quality they rank among the best in the state. 

PEAT AREAS IN WEIGHT COUNTY. 

Clarion area, — ^About five miles north of Qarion a grassy marsh,, 
lying partly in section i of Lake township and partly in section 6 of 
Grant, covers nearly 100 acres, and contains clean vegetable material 
to a depth of 9 feet. 

Small bodies of peat, a few acres in extent and 3 to 6 feet in 
depth, occur between the above mentioned marsh and Little Wall lake. 
Other small marshes lie within a short distance north and east of Cor- 
nelia; while vegetable matter 2 to 3 feet in depth fringes a portioii 
of the east side of Elm lake. 

Dows area. — One mile west of Dows a number of disconnected 
swamp areas, aggregating nearly 100 acres, occupy portions of section* 
27, 34 and 35 in Blaine township. Borings at different points over this 
area showed 4, 8 and 9 feet of clean, almost dry peat. 

About five miles southwest of Dows a bog of 80 acres has been 
drained and, at one time, put under the plow. Tests over this marsh 
indicated 5 to 9 feet of vegetable matter. 

Large marshes occur in the northeast \ of Wall Lake township,, 
but the peat is shallow and carries quite a large percentage of earthy 
matter. 

MABSHES op FBANKLIN COUNTY. 

About two miles northeast of Dows, and conveniently worked 
with that area, a swamp of 100 acres covers a portion of sections 20^ 
and 28 of Morgan township. It contains peat of fair quality, ranging 
from 5 to 15 feet in depth. 

Near the north side of Lee township a marsh known as the "Big 
Slough" covers several hundred acres. This area was not tested, but 
it is reported to contain a good deposit of peat. 

FEAT DEPOBITB IN EMMET 00T7NTY. 

Armstrong area, — In the southern portion of Iowa Lake town- 
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ship a large marsh covers from 800 to 1,000 acres. The area lies about 
two miles north of Armstrong. It is well drained, and contains a depth 
of 7 to 9 feet of clean, solid peat. 

MABSHES IN PALO ALTO AND CLAY COUNTIES. 

An extensive area of marsh land lies about four miles north of 
Ruthven, embracing a portion of sections 19, 20, 29 and 30 of Lost 
Island township, in Palo Alto county, and of sections 25 and 26 of 
Lake township, in Clay. This marsh covers more than 1,500 acres. 
Tests over the south end indicated about 7 feet of vegetable debris. 

At the outlet of Lost Island lake, in Clay county, there is a marsh 
of 200 to 300 acres that contains peat, but on account of the water the 
depth of the deposit could not be ascertained. 

Small bodies of peat occur at the west end of Elbow lake and Vir- 
gin lake, in Palo Alto county, and a few small marshes are found 
both to the north and south of Ruthven. 

GENERAL STATEMENT. 

The greater number of the marshes mentioned above are almost 
dry. In some cases no water was reached at a depth of 9 or 10 feet. 
This dryness is partially due to artificial drainage and partly to 
prevailingly more arid conditions than formerly existed. Many of the 
areas support a heavy growth of sedges and slough grass and are 
utilized for wild meadow or pasturage, while a few have been put 
under the plow. 

Although there is quite a wide range in the character of the peat 
found in these marshes, the most of it is somewhat fibrous, brown in 
color, and consists of very pure vegetable debris, with scarcely a trace of 
mud. It also showed very little evidence of oxidation due to the drying 
of the bogs and the resulting exposure to the air. 

The fortunate distribution of the marshes with reference to towns 
is shown on the accompanying map. The railroad advantages of the 
respective points may be seen by referring to the map of the state pub- 
lished and distributed by the Iowa Railroad Commissioners. 

Several million tons of peat are accessible from Clear Lake, Lake 
Mills, Dows, Hanlontown and Armstrong, while important quantities 
are convenient to the towns of Meservey, Scarville, Norman, North- 
wood, Forest City, Thompson, Duncan, Miller, Clarion and Ruthven. 
A railroad passes through each of these towns. Lake Mills, Forest 
City and Ruthven are supplied with two lines. Two branches also 
connect at Dows ; while an electric line in addition to the railroad gives 
to Clear Lake practically all of the advantages of two lines of road. 

USES OF PEAT. 

The uses to which peat has been applied are many and varied. It 
has been used extensively as a fuel. It has been burned into coke 
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and charcoal, and is being successfully converted into gas. 

The undecayed upper portion of bogs furnishes "moss litter" which 
on account of its high powers of absorption for liquids and gases, finds 
a wide use as a deodorizer and disinfectant. When ground into fine 
meal peat is used for making antiseptic bandages, and for packing 
eggs, meat and fruit. Peat dust has been used as a substitute for char- 
coal in the manufacture of gunpowder, and, when mixed with India 
rubber and sulphur, it is used for insulating electric cables. Peat pulp 
is being used in place of straw and wood pulp in the manufacture of 
paper, card board and the coarser grades of paper board. 

As a fertilizer applied to sandy soils, peat adds warmth, increases 
the moisture, and promotes the solubility of the minerals of the soil. 

For the people of Iowa the greatest interest will attach to the 
use of peat as a fuel and as a future source of producer-gas. 

PBAT AS A. FUEL. 



Peat bums with a short, yellow flame and intense heat. It bums 
Avithout scot, with little smoke, with no unhealthful gases, and leaves no 
clinker. It requires little draft, is easily ignited and, once lighted, 
will continue to bum until all the fuel is consumed. It is especially 
suited for culinary purposes because of its cleanliness, and on account 
of the fact that a peat fire quickly reaches a high temperature. 

Peat is not only a valuable domestic fuel, but, in Europe, in the 
solid or gaseous form, it is widely used in metallurgical purposes, fn 
-Steel and glass fumaces, for firing locomotive boilers and for generating 
electric power. Boilers using peat fuel are estimated to last three times 
as long as those fired with coal. 

The heating power of unprepared peat compared with that ot 
other fuels is given in Thurston's Elements of Engineering as follows: 
Table showing calorific power of peat and other fuels. 



Fnel. 



Coal. Anthracite .. 
Goal, bitumliioas.. 
€k)al. Ugnite, dry. 
Poat. kUn dried... 

Peat, air dred 

Wood, kiln dried . 
Wood, air dried... 



Oaloriflo power. 



Relative. 



1.080 
1.017 
0.700 
0.700 
0.6W 
0.561 
0.439 



Absolute 
B.T.U. perlb. 



14.888 
14,706 
10.160 
10,160 
7,860 
8,029 
6,886 



Water raporized at 

boiling point. 
Parte by one part. 



14.08 
1^.96 
10.85 
10.25 
7.78 
8.10 
6.45 



From the above table it will be seen that unprepared peat has a 
higher heating value than wood, but is inferior to Coal. The American 
Society of Mechanical Engineers estimate 2.5 tons of pine wood to 
possess equivalent heating power to 1.8 tons of ordinary air-dried peat, 
and to I ton of anthracite coal. The German Chemical Testing Sta- 
tion of Berlin reports the fuel value of peat briquettes at 13,330 B. T. 
U. per pound.* The average is probably about 8cxx) to 1 1,000 B. f. U. 

•Morriion: Addrew before the Nat'l ABsooiation of Buf^neeri The ealoriflo value 

^'J?®?i?/*^?®iffi~i' "^® *^** ®' **S®r®^*^S?S?' ^,^^ ^"y ^*S*^ ^de Umiti. See Trans 
xfVl fJMinlngBngineeri, Vol. XXXV, p. 104, and Special Oonsnlar Reporti, Vol. 
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In the countries of Europe peat has been extensively used as a fuel 
for a very long time. Both Germany and Sweden produce 2,000,000 
tons of peat each year, and Russia 4,000,000 tons. In Scotland and Ire- 
land large quantities are annually consumed. The people of Holland pre- 
fer peat fuel in their brick yards and for domestic purposes. The 
large bogs of Russia are owned by the government, and permits for 
working them yield an annual revenue of $938,000. Germany is said to 
possess greater wealth in her peat bogs than in her coal fields. In 
Austria and Denmark peat has long been an important article of fuel, 
while, in recent years, large quantities of peat fuel are annually prepared 
in the province ol Ontario, Canada. 

In the United States the peat fuel industry has been largely 
neglected on account of the wide extent of her coal fields and the for- 
tunate distribution of these deposits which has made an abundance of 
excellent fuel generally accessible at a moderate cost. 

PREPARATION OP PEAT FOR FUEL. 

There are three general methods of preparing peat, which result in 
the following forms of peat fuel : 

(i) "cut peat"; (2) pressed or "machine peat"; and (3) peat 
briquettes. 

OUT PEAT. 

"Cut peat'* is prepared in the simplest possible manner and forms 
the poorest grade of peat fuel. Blocks of crude material are cut out 
from the bog, dried in the air and burned without further treatment. 
One man can cut about one and one-fourth tons of dry peat per day. 
Six or eight weeks are required for drying and, wherv dried under the 
most favorable conditions, such peat will still contain as much as 30 
per cent of water. The material is so loose and bulky that it is difficult 
to fire properly into a stove or furnace, and the large amount of water 
in the fuel makes it of low heating value. 

On account of its cheapness "cut peat" is the staple fuel for a 
large number of the poorer people of Europe, but it would not prove 
a satisfactory fuel to persons accustomed to burning wood or coal. 

MACHINE FEAT. 

"Machine peat" is prepared by grinding tl:e crude peat into a pulp- 
while wet and then cutting or moulding or pressing the material into 
blocks. The blocks can be dried in the air in from six to eight weeks, 
or by artificial heat in a much shorter time. The grinding or macera- 
tion of the peat greatly facilitates the escape of moisture and causes 
"machine peat" to dry much more perfectly dian "cut peat ;" the blocks 
contracting to about two-thirds of their original volume. By the 
process of grinding a self-binding property is developed which causes the 
blocis to become dense and hard and practically waterproof. Dried 
"machine peat" can remain out doors without injury and be shipped 
long distances without crumbling. 
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"Machine peat" is suitable not only for domestic use but for almost 
any purpose to which bituminous coal is applied. When air-dried, it 
contains 15 to 25 per cent of water,* while the water content of Iowa 
coal varies from 13 to 19 per cent. However, the more perfect com- 
bustion of the peat and the absence of soot in the flues tend to offset 
its disadvantage as a fuel on account of the larger amount of water 
it contains. 

During 1903, the Swedish government conducted numerous fuel 
tests in locomotive engines which showed that, except for its bulkiness, 
"machine peat" could be fired in the engines with as good results as 
English coal, and with little more labor, and that when mixed with 
coal a fire superior in calorific value to either of the fuels alone was 
produced.! 

All of the better classes of mills for making "machine peat" employ 
much the same principles. They consist of a hollow iron cylinder 
encasing a set of revolving cutters for thoroughly grinding, 
kneading and mixing the crude peat. Rollers set with screw 
ridges force the material past the cutters and out through the nozzle 
in a long cylindrical or rectangular rod, which is cut into blocks of 
desired size. 

Cost of mills. — ^The Ackerman machine, used extensively in Sweden, 
requires an i8-horsepower engine and the help of 15 men. It can 
produce 20 to 25 tons of "machine peat" per day at a cost of $1.35 
per ton, laborer's wages at $1.00 per day. The complete equipment 
of such a plant costs about $1,900. 

The Anrys or Anrep machine, preferred in Russia, is built in two 
sizes, the larger producing 40 to 60 tons per day, witii 38-horsepower 
engine and employing 28 men. This machine costs $1,900, exclusive 
of power plant. The smaller type produces 20 tons per day, with 
19-horsepower engine and 13 men, and is sold for $830, without power 
plant. With these machines the working costs per ton of dried fuel 
are about 80 cents. 

Another machine, coming into wide use in Sweden, is made in 
sizes ranging in capacity from 20 to 40 tons per day, and costing from 
$215 to $675, exclusive of power plant. German machines are quite 
similar to those employed in Sweden, and produce one and one^half 
to two tons of peat fuel per man per day. In Denmark a plant of 
65 tons daily capacity is manufacturing "machine peat" at a cost of 
60 cents per ton, with laborers' wages $1.33 per day. J 

The Atkinson-Norton machine, perfected and used by Prof. C. L. 
Norton, of the Massachusetts Institute of Technology, in making tests 
on peat, will produce 5 to 10 tons of "machine peat" per day with a 
2-horsepower motor. The machine alone costs about $75. The entiro 
cost of a plant equipped with a larger machine of this type, having a 
daily capacity of 20 tons, is estimated at $2,500. 

On accoimt of the greater bulkiness and somewhat lower heating 

♦Special Oonsnlar Reports, Vol. XXVI. p. 188. 1803. 
-flBth Report Ontario Bareati of Minen. p. 84, 1904. 
JSpeolal Consular Reports, Vol. XXVI, p, 188. 1908. 
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value of "machine peat" compared with good coal, it is not probable 
that this form of fuel will become widely used in the state. It seems 
certain, however, that a farmer having good peat deposits on his land 
or, better still to insure a wider demand for the fuel, a number of 
men could jointly install a small "machine peat" fuel plant, at a cost 
of a very few hundred dollars, and by operating such a plant during 
the autumn months they could supply a local demand for domestic 
fuel at a price very much below that at present paid for coal. While 
this form of peat is slightly inferior to good coal, yet it possesses a 
higher heating value than wood and, burned in peat stoves, would 
prove a satisfactory and very economical domestic fuel. 

PEAT BBIQTJETTES. 

In the more approved peat briquetting plants the peat is dug, pul- 
verized and spread by a mechanical excavator, and is dried in the air 
to a water content of 30 to 45 per cent. The Uir-dried peat is then 
passed through a disintegrator in which the fragments are beaten into 
small bits and the tissues thoroughly crushed in order to facilitate the 
further liberation of moisture. This broken peat is then conveyed to 
the dryer in which it is subjected to artificial heat until not more than 
12 to 15 per cent of moisture remains. From the drying pan it is 
carried to the hopper and cooled, and thence conveyed to the briquetting 
press. Two general types of presses are in use; one consists of an open 
tube, and the other of a closed die resting on a solid base. The latter 
t3T)e has proved the most satisfactory. Pressure of 11 to 13 tons per 
square inch is applied, and the resulting briquettes are dense and solid, 
and have a heating efficiency equal to the best grades of Iowa coal.* 
Peat briquettes absorb moisture readily and hence must be kept dry. 

In Holland the cost of production of peat briquettes is irom $2.00 
to $2.15 per ton. At Welland and Beaverton, Ontario, peat briquettes 
are being made for about $1.50 per ton, and are sold for $3.50 per 
ton at the works. f At the Beaverton plant "cut peat" was found to 
be a cheaper fuel for use under the boiler and dryer than good wood 
at $1.30 per cord. 

The Beaverton is one of the oldest and most successful peat bri- 
quetting plants in America. Estimate of the cost of the complete equip- 
ment of a peat fuel plant, similar to the Beaverton, with a capacity of 
3, OCX) tons of briquettes per year, running ten hours a day, or 6,000 to 
7,000 tons when working continuously, is furnished as follows :J 

Briquette press, die or mould type | 2,500.00 

Dryer 1,350.00 

Breaker or •disintegrator 400 . 00 

Excavator, including motor 600.00 

' Generator, tram car, motor and tracks 1,200 . 00 

Engine and boiler, 50-liorse power 2,000.00 

Shafting, belts and conveyors 700.00 

I Buildings (brick) 1,500.00 

Sundries 200.00 

Total 110,450.00 

lo'^G^l^S^^,''vSl!'xivrp.T^^ ""^ ^"^^^ ^'^"^ see thlB Bulletin, pp 25-27 ; and also 
•fiSfch Report Ontarto' Bareau of Mines, p. 27. 1904 
^ISthReport^ntartoBorean of Mines, p. 225, 1003. 
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Some of the above items could probably be reduced, but the estimate 
may prove of value as a guide to the cost of a peat briquetting plant 
that has been proven successful by years of experience. The total cost 
of a plant with a capacity of 15 tons per day, or 30 tons working 
night and day shifts, is estimated at a little less than $28,000. 

SPECIAL APPARATUS FOR BURNING PBAT. 

' In making comparative tests between peat and coal it is important 
that the peat should be burned in a stove adapted for this fuel. Peat 
briquettes are so similar to coal that they can be burned in stoves 
suitable for using the latter. However, a screen should be placed 
over the grate to prevent waste, and care exercised in the regulation of 
the draft. When peat is used under a boiler the grate bars should be 
reduced one-half, and both the grate and the fire wall behind it should 
be raised closer to the boiler, than for coal, on account of the short flame 
of burning peat. 

Special stoves have been designed for burning "machine peat'* which 
possess a heating efficienqr of 90 per cent. The upper part consists 
of a chamber into which the fuel is stored and from which it is fed 
to the fire automatically through a trap door at the bottom. The fire 
box is V-shaped, with perforated sides. Through these holes the air 
enters in such a way that the draft is never choked and there is no 
loss from unconsumed fuel. The ashes accumulate in the trough of 
the fire box, by shaking which they are dropped to the pan below. 
Tests with such stoves in midwinter showed that a continuous fire could 
be kept for 96 hours on 46 pounds of "machine peat," by firing seven 
times at intervals of twelve to fifteen hours; an even and suitable tem- 
perature being maintained in the rooms during the time.* 

PEAT AS A SOURCE OF PRODUCER GAS. 

Prof. C. L. Norton of the Massachusetts Institute of Technology , 
says that gas can be produced from New England peat in about the 
same amounts and of much the same kind as that obtained from bitumin- 
ous coal. He suggests that it is as a source of producer-gas that we must 
look for the greatest development of the peat fuel industry. A test 
of "machine peat" from a bog near Taunton, Mass., gave 4 cubic feet 
of gas with a calorific power of 654 B. T. U. per cubic foot, from 
each pound of peat.^ 

The advantages of using peat as a gaseous fuel pertain equally 
to the burning of coal gas.^ The use of solid peat fuel involves a loss 
of 25 to 30 per cent of heat, which heat loss may be reduced as low as 
15 per cent by first converting the peat into gas and then burning the 
gas. 

In the iron and steel industry peat gas is preferred above coal gas 
on account of its greater freedom from sulphur and phosphorus. It is 
also coming into extensive use as a fuel for steam boilers. 

*18tii Report Ontario Rnrean of Mines, p. 227, 1908. 

^Norton: Report No. XV. on Bog Fnel. Inanranoe Bnglaeerlng Bzp't Station p. 10 1904 
See this bnlletln, pp. 87 and 38 
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It has been found that, for industrial purposes, by locating the 
power plant at the bog, peat can be converted into gas and the gas 
used as a fuel more economically than solid peat, for the reason that 
"cut peat*' — the cheapest kind of peat fuel — can be successfully converted 
into gas without any previous treatment. The peat gas can be con- 
veyed through pipes to the place of consumption, or it may be con- 
verted into electrical energy and transmitted in that form to more 
distant points. In such plants the cost of fuel has been estimated at only 
one-ninth of a cent per horsepower per hour.^ 

Tests on the fuel value of peat gas made by the Merrifield genera- 
tor from "cut peat" fuel showed an average of about 135 B. T. U. 
per cubic foot of gas. 

Cost of gas plants. — ^With regard to plants for the production of 
peat gas the following estimate* is made: one ton of compressed peat 
analyzing approximately: moisture 15 per cent, ash 7 per cent, fixed car- 
bon 21 per cent, and volatile matter 57 per cent, will yield not less than 
100,000 cubic feet of fixed gas, carrying not less than 150 B. T. U. per 
cubic foot. Peat carrying up to 30 per cent of water may be used, but the 
yield of gas will be reduced about 1,000 cubic feet for every additional 
I per cent of moisture. Complete apparatus and material for equip- 
ping such a plant, producing not less than 20,000 cubic feet of gas 
per hour, will cost about $5,000. 

THE PEAT INDUSTRY IN IOWA. 

Little has been done towards utilizing the peat deposits in our state. 
Small quantities of "cut peat" have been burned at Lake Mills, Ruthven, 
Meservey and a few other points. 

At Dows, Iowa, the Iowa Fuel and Brick Company has been 
preparing peat fuel in a small way for the past two years. In 1904 
several tons of "cut peat" were taken from the bog, while during the 
past year they have been doing pioneer work in the manufacture of 
"machine peat" fuel. The process they follow consists in mixing and 
pressing the crude peat in a brick machine and drying the bricks in the 
air. The dried blocks are quite dense and do not crumble when 
handled. About 75 tons of peat fuel have been prepared in this way 
during the past summer. 

Mr. Henry Lemke, of Dows, the secretary of the company, esti- 
mates the cost of preparation of peat bricks in the present condition of 
the plant at $2.50 per ton, but he feels confident that the expense can 
be reduced to $1.50 per ton, or less. He states that there is a good 
demand, at $3.00 per ton, for all the peat bricks they can produce ; that 
people who once use them for fuel always come back for more. 

CONCLUDING REMARKS. 

It is not expected that the peat fuel industry will immediately be 
developed in Iowa on a large scale. It will require time for the people 

iSpeolal Oonsnlar Reporti, Vol. XXVI, p. 140, 1903. 
*12th Report Ontario Bureau of Minee, p. 231, 1903. 
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to become assured that peat fuel, even at the "cheaper cost of 
production, can be more profitably burned than coal. It is possible, too, 
that peat may only become popular as a fuel in that portion of the 
state remote from coal supplies and where deposits of peat are abund- 
ant. 

Doubtless the vegetable matter in the various marshes will differ 
very materially with regard to its suitability for successful manufacture 
into a good grade of peat fuel. It would be wise to have thorough 
tests and analyses made of any deposit before attempting to exploit it 
commercially. Peat samples for tests and analyses should be sent to the 
State Geologist, Dr. Frank A. Wilder, at Iowa City, Iowa, who will 
see that proper tests are made and the results of the same reported. 
Prof. C. L. Norton of the Institute of Technology, Boston, Mass., will 
also test keg samples of peat, sent by freight prepaid to the above 
address, and report on the quality of the peat, and to what extent it is 
adapted for being worked in the common types of "machine peat'* mills. 

Until the use of peat fuel becomes pretty well established, it is 
probable that small peat manufacturing plants located at a number of 
favorable points will prove more successful, in Iowa, than those of 
large capacity and very expensive equipment. 

There seems no reasonable doubt that the time will come when 
prepared peat fuel will become an important article of manufacture in 
the state; and that the hitherto neglected peat deposits of northern 
Iowa will prove a source of domestic fuel but little inferior to, and 
even less expensive than, the fuel supply in what we have been ac- 
customed to consider the more favored portions of our state. Neither 
is it impossible that cities like Clear Lake, Lake Mills, Armstrong 
and Dows, convenient to large peat-bearing marshes, may yet the most 
economically obtain their supply of heat, light and power from plants 
that convert peat fuel into producer-gas. 



NOTB— Inasmnoh as large Bams of money have been practically wasted in recent years 
through the formation of companies to utilize neat beds, if would be wise for intending 
operators to confer with'thosein Oanada, who have a thorough knowledge of the praotidd 
manipulation of peat, before inyeflting in a stock company to exploit untried patent pro- 
eeeses or new appliances. This office will be glad to render all possible assistance with 
regard to determining adaptability of deposits for fuel purposes, methods of working 
peat, cost of machinery, etc. 
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PRELIMINARY STATEMENT. 

An act of congress making appropriations for the fiscal year 1905, 
which was approved February 18, 1904, contained an item which pro- 
vided for the analyzing and testing of the coals and lignites of the 
United States in order to determine their fuel values and the most 
economic method for their utilization. These tests were to be conducted 
at the Louisiana Purchase Exposition, St. Louis, Mo., under the super- 
vision of the Director of the United States Geological Survey. One of 
the provisions of this law was that all coal offered for testing purposes 
shoidd be furnished to the testing plant at St. Louis free of cost to 
the Government. 

The coal-testing plant was equipped with standard apparatus, and 
with the most approved and accurately calibrated instruments for mak- 
ing steaming tests, washing tests, coking tests, briquetting tests and 
producer-gas tests,besides chemical anal3rscs aad calorimetric determin- 
ations. 

The above act for the first time made it possible for coal from all 
of the coal fields of our country to be brought to a single well equipped 
plant and be put through an elaborate and expensive series of tests; 
and that, too, under absolutely uniform conditions and by the same 
corps of trained experts' whose position guaranteed the greatest ac- 
curacy of work and a true and impartial statement of results. From 
such a series of tests the adaptability of the coal from any mine or 
coal field for a particular purpose can be determined, and the coal 
intelligently used in the way in which its highest efficiency may be 
secured. The comparative fuel value of the coal of different states 
can also be ascertained as never before. 

A preliminary report on the work done by this coal-testing plant 
during 1904 has been recently published by the United States Geological 
Survey, as Bulletin No. 261. The descriptions of the several tests 
and the tables of results which appear on the following pages were 
taken from that report. 

SECURING THE SAMPLES. 

The Director of the Iowa Geological Survey recognized at once 
the value such a scries of tests would be to the coal operators of the 
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State as well as to eveiy user* of coal. He early made arrangements to 
co-operate with the United States Survey, and to have a number of 
samples of Iowa coal tested at the Government plant. He selected and 
secured the donation of five car loads of coal from as many important 
mines in Iowa, and through the generosity of the railroad companies 
he was able to deliver four of these lots of coal to the testing plant 
at St. Louis without any charges for transportation. The freight on the 
fifth car was paid by the Iowa Survey. 

Below is given a list of the Iowa operators who donated a car load 
of coal for testing purposes, the grade of coal provided by each, and 
the number and location of the mine from which the sample was 
taken. 



Name of 
■ample. 


Operator. 


Mine. 


Location. 


Qrade of 
coaL 


Name ef bed 


lowal .... 


4.nohor Ooal Co. , 
Ottnmwa, la. 


No: 8 




Over }4 i°oh 
screen. 


Middle bed. 


Iowa 2 ... 


Sfammoth Vein 
Ooal Co. , 
Hamilton, la. 


So. 6 


Liberty Twp., 
Marion Co., la. 


Ban of mine. 


• 
Big vein. 


Iowa 3 .... 


Qibflon Coal 
Mining Co.. 
Des Moines. la. 


No. i 


Near A^ltoona, 
Polk Co., la. 


Over 14 inch 
screen. 


Third vein. 


Iowa 4 .... 


Oenteryllle Block 
Coal Co.. 
CenteryiUe, la. 


No. S 


CenterviUe. 
Appanoose Co., 
la. 


Over 19^ inch 
screen. 


Lower bed. 


Iowa 6 . . . . 


Inland Fael Ca , 
Chariton, la. 


No. 1 


Chariton. 
Lucas Co. , la. 


Ban of mine. 


Lower bed. 



COLLECTING THE SAMPLES. 

The writer accompanied the representative of the United States 
Geological Survey in supervising the loading of the car lots of coal 
that were sent to St. Louis from Iowa, and in securing the samples 
from the mines for chemical analysis. Care was taken in each case to 
obtain coal for testing purposes that represented as near as possible the 
actual output of the mine. 

From each of the mines from which a car of coal was shipped to 
be tested, two samples were taken for chemical analysis. These samples 
were obtained from points in the mine quite widely separated. They 
were cut from the full section of the working faces of the seam mined 
at the time the car was loaded, and were immediately sent to the St. 
Louis laboratory by mail in air-tight cans. The two coal samples that 
were collected at the mine for chemical analysis are referred to in the 
tables which follow as "mine sample A" and "mine sample B" respec- 
tively. 

As each car load of coal, sent to the plant for testing, was unloaded 
at St. Louis, a third sample was taken for chemical analysis which 
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represented the coal actually contained lit the car to be tested. This 
sample is designated in the following tables as the "laboratory car 
sample." 

As the coal was distributed to the testing divisions samples were 
taken at frequent intervals, quartered down, and analyzed. In this 
way at least six separate samples from each car of coal were obtained 
at the plant, and two at the mine. 

CHEMICAL ANALYSES AND CALORIMETER DETERMINATIONS OF 
THE IOWA COALS TESTED. 

Proximate analyses were made on each sample of coal taken and 
an ultimate analysis was made on each car sample. Calorimeter deter- 
minations were made on one mine sample and also on each car sample. 
It is safe to say that such a series of coal analyses has never before been 
obtained. 

METHODS OF ANALYSIS 

"The methods employed in the coal analyses were essentially those 
recommended by the committee of the American Chemical Society. 
The moisture was determined by drying the weighed sample for one 
hour in an air bath at 105° C. The calorific value was determined 
in the Mahler bomb calorimeter. The actual value of the result in 
the calorimeter was corrected- for the sulphuric acid formed in the 
bomb. 

In calculating the calorific value from the ultimate analyses the 
calorific value of hydrogen, carbon, and sulphur was taken as, respec- 
tively, 34,460, 8,080 and 2,250 caloriesi" 

The results of the analyses of the "mine*' and "laboratory car" 
samples, and of the calorimeter determinations appear in the accompany- 
ing tables. 



CHBMICAL ANALY8BS OF IOWA COALS TESTED. 
Analyses of mine and lat oratory car samples of coal. 



Iowa No. 1. 



Mine sample 
B. 



Mine sample 



Laboratory car 
sample. 



'Lioas of moistore on air drying . 



AnaXyHi of air -dried sample. 



. fMoiatnre 

g } Volatile matter 

»4 1 Fixed carbon 

^ Li Ash 

® f iSnlphur 

g Hydrogen 

5 < Carbon 

i3 I Nitrogen 

tJ LOxygen 

Calorific yalme determined : 

Calories. 

British thermal units 

Calorific value calculated from ulti- 
mate analysis: 

Calories 

British thermal units 



Analysis corrected to sample as received 



. r Moisture 

g J Volatile matter 

u^ Fixed carbon 

^, LJAsh.r 

© r ISulphur 

68 Hydrogen 

n< Carbon 

5 Nitrogen 

{D tOxTgen 

Oalorinc value determined: 

Calories 

British thermal units 

•Calorific value calculated from 
mate analysis : 

Calories 

British thermal units 



ulti- 



7.90 



8.74 
41.06 
43.89 
11.41 

6.12 



6,843 
W.317 



11.85 
38.66 
39.49 
10.61 

4.72 



6,303 
11.846 



8.00 



4.43 
40.62 
41.65 
18.40 

6.42 



12.07 
87.88 
88.82 
12.88 
4.99 



8.20 



6.21 
81.76 
46.61 
16.62 

6.20 

4.61 
61.80 

0.97 
10.90 

6,829 
11.898 



6,280 
11,214 



8.24 
80.74 
46.02 
16.06 

6.08 

4.81 
60.82 

0.94 
18.40 

6,126 
11,027 



6,031 
10,866 
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Analyses of mine and la})oratory car samples of coal — Continued. 





Iowa No. 1 


B. 


Iowa No. 






Mine 

sample 

B. 


Mine 
sample 


Labora- 
tory oar 
sample. 


Mine 

sample 

B. 


Mine 
sample 


Laborar 
tory car 
sample. 


Lc 
Oa 

X 


iBB of molBlure on air drying.. 
A-nalysU of air-dried sample, 
fMoisture 


0.80 

7.00 
40.66 
89.62 
18.83 

6.49 


0.60 

6.68 
40.82 
48.40 
10.16 

6.74 


10.40 

4.86 

87.02 

41.74 

18.99 

6.20 

4.84 

80.86 

1.48 

11.15 

6.812 
11,182 

6,188 
11.129 

14.21 

88.17 

87.40 

16 82 

4.86 

6.60 

46.06 

1.81 

10.88 

6,668 
10,019 

6.640 
9,972 


0.80 

6.83 
41.88 
40.69 
18.16 

6.68 


11. OC 

6.61 
42.04 
8 66 
18.90 

7.59 


9.80- 
4.62- 


Volatile matter 


40.90 


Blxed Carbon 


88.99 


U A8h 

nSnlph«r 


16.68 
6.88 


Hydrogen 


4.98 


> Carbon 










60.08 


Nitrogen 










a98 


Oxygen.... 










11.16 


orino Talne determined : 
Calorie* 


6.802 
11,844 




6,689 
11,770 




6.809 


British thermal nnite 

loriflo value oaloulated from 
iltimate analyais : 

Calories 






11,666- 






6.271 


Brltlf ^ th^trmal nnitfl 










11,888 
18.88 


An 
r 


uUysis corrected to sample as 
eceived, 

fMoisture 


15.66 
86.87 
86.84 
11.64 
6.10 


15.60 
86.94 
88.87 
9.19 
6.19 


14.48 
87.81 
86.78 
10.99 
6.89 


15. 9C 
87.4<e 
3L41 
18.87 
6.78 


g. 


Volatile matter 


38.94 


Fixed carbon 


86.17 


cu 


[ ( Ash 


14.01 


1 


r ( Sulphur 


6.15 


HTdroffen 


6.58 


Carbon 










64.68 


33 


Kitrogen 










0.84- 


r> 


Oxygen 






.... 




18.80 


'Oa 

Ca 

u 


loriflo value determined : 
Calories 


6.718 
10,889 




5,911 
10,640 




6,891 
10,244 


British thermal units 

lorific value calculated from 

Itimate analysis: 

Calories. 










6.866> 


British thermal units 










10, 181 
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Analyses of mine and laboratory car samples of coal— Continued. 





Iowa No. 4 


I. 


Iowa No. B 


. 




Mine 


Mine 
sample 


Labora- 
tory oar 
samplQ. 


Mine 

sample 

B. 


Mine 
sample 


Laborar- 
tory oar 
sample. 


i 

Ca 

Ca 
r 


88 of moisture on Ar drying.. 
inalysU of air-dried sample. 
fMoisture 


9.40 

8.68 
89.12 
44.66 

7.80 

4.a 


8.00 

8.86 
88.28 
41.40 
12.12 

5.21 


4.60 

10.08 
87.27 
41.22 
11.48 
4.40 
6.81 
61.25 
0.94 
10.60 

0,287 
11.227 

0,106 
11.097 

14.08 
86.69 
39.87 
10.96 
4.26 
6.67 
68.49 
0.90 
19.82 

6,957 
10,723 

6,888 

10,686 


9.40 

10.86 
35.10 
48.12 
8.63 
2.01 


7.10 

13.87 
88.98 
42.95 
7.70 
8.84 


6.80 
9.23 


Volatile matter 


82.71 


IHzed carbon 


44.62 


(Ash 


18.55 


1 1 Sulphur. 


3.42 


Hydrogen 

Oarbon 


5.86 










60.89 


Nitrogen. ••. 










1.22 


j^Oxy gen 










16.67 


brino value determined : 
Calories 


6.708 
12,006 




0,442 
11,690 




6.105 


British thermal units 

loriflo value calculated from 
dtimate asalysis : 

Calories 






10,989 






0.045 


British thermal units 










10,881 


At 


lalyste corrected to sample as 
received. 

r Moisture 


17.18 
86.44 
40.86 
7.07 
4.00 


10.14 
84.94 
87.81 
11.08 
4.76 


18.69 

81.80 

41.78 

7.78 

2.39 


18.59 

84.86 

39.90 

T.15 

8.10 


15.89 


H 


Volatile matter 


8a49 


£1 


Vixf d oarbon . ................ 


41.49 


(Ash 


18.68 


o 


f TSulphur 


8.19 


In 


Hydroeen 


6.74 


f1^ 


Qi^r i>on ............ 










66.81 


5 


Nitrogen , 










1.14 


k 


Qxvgen 










21.49 


lorldc value determined : 
Calories 


0.078 
10,931 




5.888 
10,506 




6.090 




RiH tlflb thArm&l units 






10,242 


Calorlflo V9lu9 oalculated from 
ultimate analysis : 

n«.lAriAa -. 






5,634 




Brltifih thermal units .....*.. 






10,141 
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For purposes of comparison with the Iowa coals there are given 
below the analyses of two samples of Illinois coal and two samples 
from Missouri. 

Analyses of mine and lal)oratory car samples of coal— Oontinued. 



lUinois No. 8. 



Mine 

sample 

A. 



Mine 
sam 
B. 



Labora- 
tory car 
sample. 



IlUnols No. 6. 



sample 



Mine 

sample 

B. 



Labora- 
tory car 
sample. 



Loss of moisture on air drying, 
AruUysis of air-dried sample. 



J fMoisture , 

" t Volatile matter . 



^1 



Fixed carbon . 

, J Ash 

( \ Salphnr. 



« i Hydrogen 



1.60 



6.00 

82.16 

64.49 

7.26 

1.00 



! Carbon 

_ I Nitrogen 

p [Oxygen 

Calorific value determined 

Calories 

British thermal units. . 
Calorific value calculated from 
ultimate analysis : 

Calories 

British thermal units 



6,086 
12.606 



Analysis corrected to sample as 
received. 



J fMoisture 

3 J Volatile matter .... 

(JJl Fixed carbon 

. I J Ash 

• r 1 Sulphur 

g Hydrogen 

B-{ Carbon 

S Nitrogen 

"5 lOxygen 

Oaloriflc value determined : 

Calories 

British thermal units . . 
Oaloriflc value calculated from 
ultimate analysis : 

Calories 

British thermal units 



7.60 
31.68 
63.67 
7.15 
0.00 



6.881 
12,386 



1.80 



6.63 
84.98 
6L78 

7.67 

2. 



7.84 
31.89 
50.84 
7.63 
204 



2.70 



5 98 
30.29 
62.16 
11.69 

1.77 

4.02 
67.30 

1.4S 
12.99 

6.724 
12,108 



6,616 
11,907 



8.60 
29.47 
60.76 
11.28 

1.72 

6.09 
6S.48 

1 
16.04 

6,642 
11,776 



6.486 
11,686 



6.60 



9.84 
86.86 
44.96 
8:84 
S.82 



6,483 
11,689 



14.89 

84.80 

42.44 

7.87 

8.61 



6,180 
11,016 



4.00 



10.86 
85.85 
42 91 
11.86 
8.95 



18.04 
83 08 
41.22 
10.01 
8.79 



6.18 
32.68 
47.46 
14.73 

4.45 

4.88 
60.61 

1.23 
14.20 

6,199 
11,168 



6.069 
10,906 



14.43 

20.48 

4S.81 

18.28 

4.01 

5.49 

64.60 

1.11 

81.52 

6,601 
10,064 



6,466 
0,887 
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Analyses of mine and laboratory car samples of coal — Continued. 







MisaouH No 


. 2. 


Missouri No 


. 4. 




Mine 

sample 

A. 


Mine 

sample 

B. 


Labora- 
tory car 
sample. 


Mine 
sample 


Mine 

sample 

B. 


Labora- 
tory car 


Loss 
Am 


of moisture on air drying. 
alyaia of air 'dried sample. 
fMoisture 


6.10 

9.10 
41.07 
41.68 
&80 
4.04 


5.00 

8.81 
88.47 
42.00 
11.22 

4.08 


2.60 

0.14 
84.63 
39.02 
17.31 

6.30 

4.96 
66.26 

0.99 
15.19 

6,806 
10,461 

6,719 
10;204 

11.60 
88.68 
88.01 
16.86 
6.16 
6.12 
64.70 
0.96 
17.11 

6,666 
10,179 

6,670 
10,026 


7.40 

0.42 
40.78 
46.80 
7.46 
6.46 


6.00 

4.86 
48.74 
44.86 
6.64 
6.32 


7.70 

6.89 
44.91 
44.47 
6.28 
5.65 
5.77 
72.4fr 
0.75 
ia85 

7.616 
18.68» 

7.626 
18,647 

12.67 
41.41^ 


i^ 


Volatile matter 


Fixed Carbon 


CAsh 


V> 


r*} Sulphur 


cS 


Hydroeen 


8 J 


Carbon 










S 


Nitrogen 










H 


[^ Oxygen 










Oalo 
C 


rifle value determined: 
Jalorlea 


6.625 
11.926 




6.962 
12,688 




BrltlBh thermal nnlts 






Oalo 
nil 

Ana 

I 

C 

I 

Calo 

nit 

C 
I 


rifle value calculated from 

iimate analysis: 

lories 






Itish thermal units 










lysis corrected to sample as 
received, 

fMoisture 

Volatile matter 


14.74 

88.68 

68.96 

7.78 

6.79 


19.90 
86.54 
80.90 
10.66 
8.88 


13.84 

87.72 

42.08 

6.91 

6.06 


10.67 
41.11 
42.17 
6.16 
6.00 


Fixed Carbon 


41. 0{^ 


j Ash 


4.88 


r1 Sulphur 


6.12 


Hvdroffen ......-«. ... ..... 


6.18 


Carbon 










66.87 


Nitrogen 











60 


Oxygen • 










10.81 


rifle mue determined: 
Calories 


6.214 

11,186 




6,447 
11.606 




6,967 
12.487 


Iritish thermal units 

riflo value calculated from 
Imate analysis... 










Calories 


6.040 
12,60a 


British thermal units 























A careful comparison of the above tables shows that the average 
per cent of sulphur contained in the Iowa coal samples is 4.67, and the 
same figures represent the per cent of sulphur in the coals of Missouri. 
The average amount of ash present in the Missouri samples is a little 
less than that in the Iowa coal samples. The six samples of Illinois 
coal contained on the average a slightly smaller per cent of sulphur than 
the coals of Missouri and a somewhat larger percentage of ash. It 
would seem that for domestic purposes the coal of these three states 
should rank about equal in value. 

It will be noticed, also, that the calorific value of the Iowa coals 

compares very favorably with the coals of Missouri and Illinois, yielding 

on the average 6,144 calories and 11,066 British thermal units. 

) 
WASHING TESTS. 

The washing apparatus at the World's Fair coal-testing plant con- 
sisted of a New Century jig and a modified Stewart jig. The former 



so 
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IS designed for washing finely pulverized material, while the latter will 
•successfully wash coal composed of pieces up tjo one and one-half inches 
in diameter. The modified Stewart jig gave good satisfaction, and 
seems very well adapted to most kinds of coal. 

Charges of Iowa coal for coking tests were first washed, and 
the results of this process appear in the following analyses: 

Iowa No I. — Lump and fine coal from mine No. 2, Anchor Coal 
Company, Laddsdale, Iowa. 

About five tons of this coal were washed for a coking test, but the 
coal was not tried in a raw condition, and consequently the coking test 
affords no clue to the improvement made by washing. The change is 
shown by the chemical analyses. 





Analyses showing effect of washing Iowa No, 


I coal. 




Car sample. 


Washed ooal 
for ookingr. 


Ash , ; 


16.0 
5.03 


10.25 


Sulphur 


4.61 







Iowa No. 2. — Run-of-mine coal from mine No. 6, Mammoth Vein 
Coal Company, Hamilton, Iowa. 

About 5^ tons of coal were washed for a coking test. The reduc- 
tion of impurities effected by washing was not great, as shown by the 
following analyses: 

Analyses showing effect of washing Iowa No. 2 coal. 



Car sample. 



Washed coal 
for coking. 



Ash 

Sulphur. 



15.22 
4.66 



10.28 
3.93 



Iowa No, 3. — Lump coal from mine No. 4, Gibson Coal Mining 
Company, Altoona, Iowa. 

About 4^ tons of this coal were washed for a coking test. The 
improvement in the quality of the coal effected by washing is shown in 
the following analyses: 

Analyses showing effect of washing Iowa No. 3 coal. 



Washed ooal 
for coking. 



Ash 

■Sulphur. 




8.03 

4.55 



WASHING TB8TS. 



31 



Iowa No. 4. — Lump coal from mine No. 3, Centervllle Block Coal 
Company, Centerville, Iowa. ^ 

A charge consisting of about 4J tons of this coal was washed for 
coking purposes. The results were not so satisfactory as those obtained 
on other samples from this state. The analyses are given below: 
Analyses showing effect of washing Iowa No. 4 coal. 




Washed ooal 
for ooklDg. 



Ash...... 

Sulphur. 



7.14 
3.59 



Iowa No. 5. — ^Run-of-mine coal from m ine No. i, Inland Fuel Com- 
pany, Chariton, Iowa. 

A charge consisting of nearly 5 tons of this coal was washed for a 
coking test, but the coal did not coke, although the washing was fairly 
successful in reducing the impurities, as shown by the following 
analyses : 

Analyses showing effect of washing Iowa No. 5 coal. 



Washed ooal 
forooklDg. 



Ash.. 



Sulphur. 




7.93 
2.28 



The improvement of the Iowa coal by washing was most marked in 
samples No. 3 and No. 5. In the former the ash was reduced 6.98 per 
cent, and the amount of sulphur was lowered 1.60 per cent. In some 
samples the improvement by washing was slight. 

The removal of impurities from coal by means of washing is ac- 
complished by the sorting action of water upon particles fairly uniform 
in size, but differing in their specific gravity. In some states there is 
a growing practice on the part of the operators to wash their coal, 
especially that which is to be burned into coke. The cost of washing 
does not exceed 6 or 7 cents per ton. 

It is possible that some of the Iowa ooal would be sufficiently 
improved by washing to make that process profitable. For most pur- 
poses it would be very desirable to reduce the sulphur content of the 
coal as low as possible. The efficiency of washing in accomplishing this 
result depends largely upon the "form in which the sulphur of the coal 
exists, and whether this undesirable constituent is disseminated through 
the coal in a finely divided condition. 

In Towa coal the sulphur commonly occurs either in the form of 
gypsum (hydrous calcium sulphate) or as pyrite or marcasite (iron disul- 
phide). The specific gravity of coal is variable, but is somewhat less 
thsA 1.5. That of gypsum is abeut 2.31, while that of iron disulphide 
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is about 4.95. It will be seen that as pyrite and marcasite have a density 
so much greater than that of coal they can be much more readily sepa- 
rated from it by washing than can gypsum whose specific gravity is 
more nearly equal to that of coal itself. In any event the tests show 
that the benefits from washing would differ greatly at different mines. 

COKING TESTS. 

The coking tests at the Government testing plant were made in 
ordinary bee-hive ovens of standard shape and size, 12 feet in diameter 
and 7 feet high. Before being charged into the oven the coal was 
passed through rolls which reduced it to particles one and one-half 
inches in diameter or less, and then washed as above stated. 

The general results of these tests are given below: 

Iowa No, I. — Lump and fine coal from mine No 2, Anchor Coal 
Q)mpany, Laddsdale, Iowa. 

In this test, as in all those on Iowa coals, the charge was of washed 
coal. The charge weighed 9,500 pounds, and after burning 46 hours 
yielded 4,828 pounds of coke and 572 pounds of breeze and ash. The 
coke was brittle, with cracks lengthwise and crosswise through it. It 
was also high in sulphur and ash. 

Iowa No. 2. — Run-of-mine coal from mine No. 5, Mammoth Vein 
Coal Company, Hamilton, Iowa. 

The charge in this test consisted of 10,000 pounds of washed coal, 
which was burned for 64 hours. The coke (3,866 pounds with 1,153 
pounds of breeze and ash) was all in small pieces sintered together and 
with no bond. 

Iowa No. 3. — Lump coal from mine No. 4, Gibson Coal Mining 
Company, Altoona, Iowa. 

The charge in this test consisted of 8,000 pounds of washed coal, 
which was burned for 43 hours. It yielded 3,336 pounds of fine- 
fingered, brittle coke that was high in sulphur and ash, and 585 pounds 
of breeze and ash. 

Iowa No. 4. — Lump coal from mine No. 3, Centerville Block Coal 
Company, Centerville, Iowa. 

The coke produced in this test was of the same general character as 
that obtained from Iowa No. 3, except that it was not quite so high in 
either sulphur or ash. The charge consisted of 8,000 pounds of washed 
coal, which was burned for 40 hours, producing 3,722 pounds of coke 
and 426 pounds of breeze and ash. 

Iowa No. 4. — Run-of-mine coal from mine No. i. Inland Fuel Com- 
pany, Chariton, Iowa. 

The result of this test, made on 9,000 pounds of washed coal and 
burned 66 hours, was a mixture of unbumed coal, charred coke, and ash. 

All of the Iowa coals tested are too high in sulphur to produce blast- 
furnace coke, and as the sulphur occurs largely as gypsum it can not be 
removed by washing. The ash is also high in relation to the fixed 
carbon. 
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The accompanying table presents 
a comparison of the chemical com- 
position of the washed coal and of 
the coke burned from the same In 
each of the above tests. 

This table shows that from an 
average charge of 8,900 pounds of 
coal only 3,150 pounds of coke was 
produced. This represents a yield 
for the coal of less than 36 per 
cent of coke, and more than 6 per 
cent of ash and breeze or fine coke. 
This coke, too, was of a rather in- 
ferior quality. The better grades 
of West Virginia coal yielded 70 
per cent of coke and only 2 to 4 
per cent of breeze and ash. The 
average yield of coal in coke 
throughout the United States is 
about 60 per cent. 

Since the tests reported above 
were made coals quite like the Iowa 
product, which failed in the earlier 
tests, have been coked with a fair 
degree of success. Other tests will 
be made and there is still ground 
for hope that commercial coke may 
be made from Iowa coal. 

BRIQUETTING TESTS. 

*'One ton of lump coal from 
mine No. 3 of the Centerville 
Block Coal Company, Centerville, 
Iowa, was briquetted with 7 per 
cent of pitch as a binder. The bri- 
quettes were well pressed, of a 
grayish color, but on cooling crum- 
bled decidedly. They weighed 6.73 
pounds each. As they did not con- 
tain an excess of pitch, 7 tons more 
of this coal were briquetted with 
8 per cent of pitch, in order to have 
a sufficient quantity for a steam 
test. The resultant briquettes were 
bluish-black in color, but they were 
not quite hard enough, although 
fairly strong, and would stand 
considerable hard treatment in 
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transportation. In burning they held together until consumed. They 
weighed, on an average, 6.77 pounds each. The eggettes made from 
this same mixture were stronger than the briquettes, had a polished 
surface, but were very brown in color. In the cook stove they burned 
very satisfactorily, crumbling but little." 

Steam tests were made on these briquettes under the boilers of 
the Government testing plant, which showed that every 3.8 pounds of 
the briquettes would furnish one horsepower of energy for one hour. 
The briquetting test is especially interesting to the coal operators of 
Iowa inasmuch as it indicates that the fine waste material, that is 
usually lost at the mines, can be successfully briquetted and placed on 
the market as a good quality of fuel. It also demonstrates that about 
8 per cent of the pitch or tar is necessary to furnish the desirable bond 
to the briquettes. 

STEAM TESTS. 

Steam tests were made on each of the five samples of Iowa coal, 
and also on the briquettes of the Centerville coal above described. The 
method of conducting these tests and of reporting the results was in 
accordance with the standard approved by the American Society of 
Mechanical Engineers. The tests were made with Hein water-tube 
boilers and Allis Corliss engine, generating electrical energy through a 
Bullock 240-volt generator. 

Some off the most important results of the tests of the Iowa, Illinois 
and Missouri coal samples appear in the following table. 
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From this table it appears that when burned under the boilers 
at St. Louis the Iowa coals, on the average, yielded energy sufficient 
to maintain a horsepower for one hour for each 3.9 pounds of fuel 
consumed. It will be seen that the average of the four samples of 
Missouri coal also required 3.9 pounds to furnish one horsepower of 
energy for one hour — ^practically the same quantity as the Iowa coal. 
For the six samples of the Illinois coal, the average weight of coal 
burned per horsepower hour was a little more than 3.7 pounds. Of 
the Pennsylvania and West Virginia coals there were required about 
3 to 3.1 pounds to yield one horsepower hour of energy. 

PRODUCER-GAS TBSTS. 

Among the notable and important facts brought out by the Govern- 
ment coal tests at St. Louis, none have a greater economic bearing than 
those connected with the tests of producer-gas. It was demonstrated 
that bituminous coal, such as is produced in Iowa, can readily be 
converted into gas and that when this gas is burned in a gas engine 
It yields from two to two and one-half times as much energy as could 
be obtained from burning the same coal under a boiler. The same 
statement is true of the lignites of North Dakota, Indian Territory 
and Texas. 

The tests were made using a Taylor (R. D. Wood & Co.) producer, 
and a Westinghouse triple-cylinder, vertical gas engine of 235 brake 
. horsepower, operating a Westinghouse 240*volt generator. 

The results of the producer-gas tests on all of the Iowa coal 
samples are not at present available, but those on the Mammoth Vein 
sample, from Hamilton, Iowa, appears in the following table with those 
of representative samples from other states. This table embodies a com- 
parative summary of some of the results of the coal tests in the genera- 
tion of power (i) by the boiler and steam engine, and (2) in the 
producer and gas engine. 
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The two columns in italics are directly comparable, and 
the figures are worthy of the most thoughtful consideration. The Iowa 
coal sample was found to yield 2.86 times as much energy when con- 
verted into gas and the gas burned in a gas engine as when the coal 
was fired directly under the boiler. For the nineteen samples named in 
the table the amount of coal consumed per horsepower per hour by the 
boiler plant was on the average 2.57 times that used in the gas pro- 
ducer plant. 

The above results have great economic significance. Probably more 
than three-fourths of the coal mined in Iowa is used for the generation 
of power. This would make 4,880,740 tons of cool consumed in 
power production out of the total of 6,507,655 tons mined in Iowa 
during 1904. Disregarding the difference in cost of -installation and 
operation of machinery, and with the very conservative estimate o'f 50 
per cent gain in efficiency of coal by means of the gas producer and 
gas engine above that of the boiler and steam engine, the saving by 
the former method would be equal to 2,440,370 tons of coal. This 
at $1.60 per ton, which was the average price at the mines of Iowa 
coal in 1904, would be equivalent to an annual saving to the people 
of the state of $3,904,592. 

For 18 samples of coal from 12 different states the average composi- 
tion of the gas by per cent of volume was as follows: carbon dioxide 
10.08, oxygen 22, carbon monoxide 15.45, hydrogen 9.59, marsh gas 
5.50 and nitrogen 59.13. 

In conclusion it should be said that the Government has provided 
for continuing the coal-testing work that was begun at St. Louis last 
year, and arrangements are being made by the Iowa Geological Survey 
to have tests made on a number of other samples of Iowa coal. 
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IOWA GEOLOGICAL SURVEY. 

Des Moines, Iowa, April i, 1906. 

To GoTemor Albert B. Cummins, and 

Members of the Geological Board : 
Gentlemen: 

I have the honor to transmit, herewith, a preliminary 
bulletin by Professor S. W, Beyer, which describes certain locali- 
ties within our state which seem to be favorably located with 
reference to the manufacture of Portland cement. 

A more complete report on Portland cement materials in 
Iowa, prepared by Professor Beyer, will be published as an 
annual report in the year 1907. On account of the urgent 
demand for a brief statement in regard to some of the more 
important cement localities, it has seemed desirable lo present 
at this time the information that is contained in this bu41etin. 

Very respectfully, 

Frank A. Wilder, 

Director of the Iowa 

Geological Survey. 



SUPPLEMENTARY REPORT ON PORTLAND 
CEMENT MATERIALS IN IOWA. 



BY S. W. BEYER. 



INTRODUCTION. 

The manufacture of Portland cement in the United States 
shows a remarkable g^rowth during the last ten years. Accord- 
ing to the U. S. Geological Survey the production for 1894 was 
79^i7S7 barrels while the output for 1904 reaches a total of 
26,505,881 barrels. Figure i shows graphically the growth of 
the industry and also the production of natural cement, slag 
cement or pozzuolana, and Portland cement imported during the 
period. It will be noted that the production of natural cement 
shows but slight variation save those fluctuations which can be 
explained by the industrial fluctuations of the time. The same 
is true when imported cement is considered. The production of 
domestic Portland cement appears to be as yet almost indepen- 
dent of trade conditions, which may be interpreted to mean that 
the supply does not yet more than keep pace with the rapidly 
increasing demand. While the production shows a continuous 
increase the price was more responsive to industrial conditions 
in general and has changed from year to year. The average niet 
factory prices for Portland cement during the last five years 
were as follows: 

1899 average price per barrel $ 1 43 

1900 average price per barrel 1 09 

1901 average price per barrel 99 

1902 average price per barrel 1.21 

1903 average price per barrel 1 . 24 

1904 average price per barrel * 88 

Reliable data are not at hand for the year 1905, but enough 
is known to assert with some degree of positiveness that the 
domestic production is still on the increase, but the average 
price has been materially reduced owing to the opening of large 
plants in the gas belt of Kansas. The cheap natural fuel of Kan* 
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sas has greatly reduced the cost of manufacture and to some 
extent has less ened the price of the finished product to the con- 
sumer. 

Notwithstanding the enormous growth of the industry and 
the further fact that Portland cement is rapidly becoming almost 
a necessity to the prairie states, Iowa has not, as yet, contrib- 
uted a single barrel to swell the total production. 

Soon after the organization of the present Geological Survey, 
the Director, Professor Samuel Calvin, realized the importance of 
the then youthful industry and his first paper was entitled *'Cre- 
lacecus Deposits of Woodbury and Plymouth Counties, with 
Observations on Their Economic Uses," and appears in Volume 
I of the annual report bearing the date of 1892. In this paper 
the Niobrara chalks and associated clay-shales are described and 
their suitability for the manufacture of cement pointed out. 
Professor Calvin's paper was later supplemented by himself in 
Volume III, and greatly elaborated by Bain in his Woodbury and 
Plymouth county reports to be found in Volumes V and VIII 
respectively. While this information has been available for some 
years and the district has been visited by numerous interested 
parties, nothing has been done toward the utilization of the 
chalks of Iowa. Within the past few years it has come to be 
generally recognized that chalks and marls are not necessary in 
the manufacture of Portland cement; that limestones, be they 
hard or soft, providing they are correct otherwise, are suitable for 
cement manufacture. The recognition of this fact has led to 
a renewed search for locations favorable for cement plants within 
the confines of the state and never has the search been so strenu- 
ous as during the past year. The Survey has been importuned 
for information on the subject and samples from numerous points 
in the state have been sent in for analysis. One factor appears to 
be uppermost in the minds of those seeking information and that 
is, **that given the raw materials which will make cement" a 
cemen plant is assured. They do not fully realize that suitable 
raw materials in commercial quantity is but one of the most 
important factors in the location of an industry of this kind* 
Suitable transportation facilities, and cheap fuel suitable for 
burning" the cement are equally important factors and must be 
taken into account. In fact some authorities are inclined to 
doubt the wisdom of placing suitable raw materials first in the list 
of controlling factors. However the factors may be rated, the 
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raw materials are usually the first factors in the problem of 
cement plant location to receive attention by the average investi- 
gator. 

As has been intimated before, the eyes of the promoter and 
of the cement manufacturing world are at the present time 
focussed on Iowa. A number of causes contribute to bring thii 
about. Iowa is at the present time one ot the greatest cement 
users, and the increasingly high price of lumber and other struc- 
tural materials, and the new and varied uses to which cement is 
being put will increase her consumption many fold; and her posi- 
tion geographically (Minnesota has little in the way of suitable 
materials or ch^ap fuel to commend her for consideration in this 
connection) gives her a commanding position strategically. A 
cement plant in Iowa ought to command the markets of the 
'Twin Cities of the North" in addition to her own domestic trade. 
Her nearest competitors are located in Illinois; Hannibal, Mis- 
souri; lola, Independence, and Neodosha, Kansas; and Yankton, 
South Dakota. A factory located in north-central Iowa would be 
protected by a freight rate of from 12 to 14 cents per hundred 
pounds, a sum sufficient to cover a considerable portion of the 
cost of production in the cement mills of today. 

About two years ago the director of . the Iowa Geological 
Survey assigned the writer *'Iowa Quarry Products" for invest- 
igation and report. The work has been carried on JDintly by 
the Survey and Ibwa State College and on account of the 
increasing impDrtance of cement, and in order that the public 
may have results without undue delay the publication of this 
preliminary report on that special phase of the subject ii believed 
to be warranted. 

It is generally known that most of the so-called limestones 
in Iowa are dolomitic, or at least contain a percentage of 
magnesia prohibitory to their use in the manufacture of Portland 
cenent. While this is true, there is in the state suffi:ient lime- 
stone low in ma2;nesia, to supply all the cement plants of the 
cDuntry. They range in age from the Ordovlcian, exposed at 
Spechts Ferry, Waukon, Dicorah and numerous points in north- 
eastern Iowa, to the Niobrara chalks and limestones exposed in 
Plymouth aid Woodbury counties. The investigations upon 
which the present report is based were confined largely to the 
calcareous and argillaceous deposits of the north, central and 
northeastern portions of the state. Special efforts were made 
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to secure average samples for the various beds. Most of the 
chemical work was done by Professor L. G. Michael, Survey 
chemist. 

ORDOVICIAN. 
GALENA-TRENTON AND MAQUOKBTA STAGES. 

The Galena-Trenton *stage of the Ordovicianwas investigated 
at Spechts Ferry, and points in Wisconsin on the opposite side 
of the river, Zollicoffer Lake north of Dubuque, Waupeton, 
Decorah and Clermont. At Spechts Ferry the section exposed 
is about as follows: 



EPXCHTB nBBT SECTION, IOWA. 

7 . Limestone, impure , weathered 

6 . Limestone 10 feet 

5. Shale with bands of limestone 9 feet 

4. Limestone, massive 20 feet 

3. Limestone, less massive S feet 

2. Limestone, compact, fine grained, in 

thin layers 10 feet 

A sample representative of each of the above beds was 
analyzed and the results are given below. The samples are num- 
bered as in the section, save that 5a in the table is for the lime- 
stone bands selected from number 5 in the section, and 5 in the 
table is an analysis of number 5 in the section minus the lime- 
stone bands. 



2. 



3. 



4. 



5a. 



Silica y 

Alumina and iron 

Calcium carbonate 

Magnesium carbonate 

Alkalies as K^O 

Sulphur triozide , 

Combined water 

Moisture 



7.50 

6.17 

79.50 
3.97 



7.94 

12 05 

73.38 
3.52 



10.71 

6.69 

7S.67 
0.28 



1.48 
1.60 
0.15 



1. 

1.40 

0.10 



1.51 
1.70 
0.15 



49.32 

/ 20. 16 

I 8.30 

9 52 

3.21 

4.68 

Trace 

4 82 

72 



11.24 5.74 



6.31 

78 51 
0.24 

1.58 
1.85 
10 



6.69 

83.56 
25 

1.77 
1.50 
O.iO 



L. G. Michael, analyst. 

*Sample8 from Spechts Perry, Waupeton, Potosi, McCartney and Zollicofie*. 
Lake were collected by Mr. E. F. Burchard of the U. S. Geolog^ical Survey. 
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About one mile north of Waupeton, Iowa, the following 
beds may be viewed; 

GALXNA-TBEISTON EXPOSED NXAB WAUPETON, IOWA. 

Feet Inches 

5. Limestone, sub-crystalline, with 

oilrock partings 12 

4. Shale parting 4 

3. • Limestone, similar to the above ... 1 5 

2. Shale, blue with thin limestone 

partings 5 7 

1 . Limestone, heavy bedded 5 

No. 2 was carefully sampled and analyzed and the result is 
given below. 

Silica 50 69 

Alumina 15.63 

Iron oxide 4.83 

Calcium carbonate 11.15 

Magnesium carbonate . ./. 8.43 

Alkalies as KjO 1.46 

Sulphur trioxide 2.65 

Combined water 4.61 

Moisture 0.'49 

L. G. Michael, analyst. 
The shale member appears to be rather unimportant on both 
sides of the river. Samples were selected from two points on 
the Wisconsin side of the river, near McCartney and Potosi. 
The section at the former place is about as follows: 

SECTION EXPOSED AT MCCABTNET, WIBOONBIN. 

Feet 
10. Limestone, subcrystalline, with oil-reck part- 
ings 12 

9. Limestone, crystalline, with calcareous shale 

parting below 1 

8. Limestone, hard, subcrystalline, chocolate 

colored i 

7. Shale, blue 2 

6. Talus slope 5 

5. Limestone, bluish, crystalline, thinly bedded 5 

4 . Talus slope 10 

3. Limestone, compact, fine-grained, thinly 
bedded 7 

2. Talus slope 13 

1. Limestone, buff to blue, heavy bedded, 
appears to be sandy on weathered surface.. 6 

The above section is very similar to the Spechts Ferry section. 
An average sample of the shale from the above section and also 
a sample from Potosi, Wisconsin, which exhibits an almost 
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identical assemblage of beds to those exposed at Spechts Ferry, 
were selected for analysis. The results are as follows: 



] 


McCartney. 


Potosi. 


bilica 


49.10 
17.15 
8.46 
11.04 
2.85 
1.69 
3 62 
5.36 
0.91 


48.88 


Alumina 


14 54 


Iron oxide 

Calcium carbonate 


12.00 
8.58 


Magnesium carbonate 

Sttlphur triozide 


3.15 
1.26 


Alkaliesas K,0 


6.43 


Combined water 


4.48 


Moisture 


1.30 



L. G. Michael, analyst. 



South of Spechts Ferry 
exposed at Zollicoffer Lake. 



the Platteville limestone is well 
The section is given below: 



diOTION IN GULLT NEAB ZOLLIOOrrER LAKX, HORTH OV DUBTTQUIE IOWA. 

Feet Inches 
10. Magnesian limestone in beds 8-10 inches; top undefined . . . 

9. Upper calcareous shale (Galena limestone) 1 

8. Magnesian limestone or dolomite beds in 7-10 inch layers. . 4 

7. Thinner, coarser-grained, fossiliferous beds, containing 

calcite crystals, runs 1-4 inch beds 2 6 

6. Thin-bedded fossiliferous limestone, somewhat coarsely 
crystalline at top, becoming more "glass-rock*' like 
lower down; beds 1-5 inches, wavy bedded, with thin 
scales of * 'oil rock'* in partings 5 

5. Beds mo:e like ' 'glass roek", finer grained but otherwise 

similar to No. 6 5 10 

4. Heavy bed of medium grained limeitone with calcite 

crystals 1 4 

3. Shale, blue, clayey with numerous argillaceous limestone 

partings. - 8 1 

2. Hard, rather coarsegrained beds running from 3-5 inches 
thick, appear to be slightly magnesian, but may be 
because badly stained and Weathered 6 

1. Hard, finer-grained, wavy bedded limestone in beds 3-6 
inches thick. Upper 5 feet is gradation from (2) 
but lower down it becomes very fine grained, almost 
a ' ' glass rock'' at bottom of exposure 12+ 

All of the members in the above section below number 8, 
the dolomitic beds, were carefully sampled and analyzed. The 
analyses are given in. the table below. The samples are 
numbered in the table the same as in the section. 
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1. 



3. 



4. 



6. 



Silica 

Alumina and iron . . . . 

Calcium carbonate. . . . 
Magnesium carbonate. 

Alkalies as K^O 

Con bined water. 

Sulphur trios ide 

Moisture 



8.02 

5.78 

77.93 

4 43 



6.79 

4.61 

78 24 
5.12 



3.18 
22 
16 



3.28 
1.74 
04 



50.22 

r 12.45 

L 9.08 

13 83 

2.96 

5.23 

3 81 

1.16 

1.71 



3.85 

6.03 

84.16 
1.93 

4.23 
0.64 
0.03 



4.54 

2.54 

86.33 
3 54 

2.62 
0.22 
0.08 



3.26 

0.83 

90.20 
2 65 

1 84 
1 64 
O.Of) 



8.28 

4.67 

80.14 
2 37 

2.17 
2.60 
0.13 



L. G. Michael, analyst. 

All of the beds carry some magnesia but not in prohibitory 
amounts. Number 2 carries the most, approximating two and a 
half percent of magnesium oxide. The entire section is above 
the tracks of the Chicago, Milwaukee & Saint Paul railway. 

The pure limestones and shales in all of the sections given 
thus far are 'well above the railways of the vicinity and numerous 
exposures are directly on the railways, and near the Mississippi, 
so that cheap transportation would be assured in case the 
Platteville is developed commercially. The dolomitic portion of 
the Galena-Trenton overlies the shales and limestones in the bluffs, 
but considerable areas are available where the overburden 
has been removed or at least has * been reduced to an 
almost negligible thickness. At any of the above sec- 
tions both the limestone and the shale could be mined 
easily by drifting directly into the bluffs. The scarcity of the 
shale is something of a drawback, but by no means as serious as 
might at first thought be supposed. Maquoketa shales of con- 
siderable thickness outcrop at no great distance inland. Good 
sections are exposed at Kidder and Graf, along the Chicago 
Great Western, and at Peosta along the Illinois Central railway. 
Thesccuon exposed near Graf is given below. 

Feet Inches 

5. Shale, drab and black, unfossiliferous 2 

4. Shale, brownish, hard, granular, non-fissile and fossili- 

ferous 1 2 

3. Shale, drab, fissile, non-fossiliferoni 1 4 

2. Shale, variable in color, texture and fissility, with foiiili- 

ferous bands 11 

1 . Shale, brown or black , non-fissile, fossils rare 6 

An analysis of the shales developed near Kidder gave the 
following results: 
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Silica 42. 53 

Alumina 16.83 

Iron oxide 5.66 

Lime 5.66 

Magnesia 4.82 

Po tash 3 . 70 

Soda 4.10 

Combined watei* 15.76 

J. B. Weemi, analyst. 
*Combined water and carbon dioxide. 

The limestone and magnesia are believed to be confined 
argely to the hard fossiliferous layers, and on that account 
the magnesia percentage could be easily reduced by wasting the 
ndurated bands. 

In the vicinity of Decorah, in Winneshiek county, the 
Galena- Trenton is well developed and is non-dolomitic. At the 
ice house in the west part of town, the section exposed on the 
south bank of the Oneota river is as follows : 

Feet. 
4. Limestone, massive when first exposed; 
weathered into thin bands displaying 
either a cuboidal or a decidedly concretion- 
ary facies; 25 feet exposed but thickens 

greatly toward the upland 25 + 

3. Limestone, argillaceous, with numerous 

shaly partings; mixed zone 10 

2 . Shale , greenish-gray , strongly calcareous and 

with argillaceous limestone bands 20 

1. Limestone, hax^, compact, flaggy; exposed 

at this point.. 4 

The beds dip to the west at a low angle and form an abrupt 
escarpment on the south bank of the river for some distance 
west of the above section. 

Samples were selected from numbers 2, 3, and 4 of the 
section and analyzed. The analyses are given below: 



2. 



3. 


4. 


14.53 


3.86 


6.49 


2.54 


72.89 


91.19 


1.03 


0.84 


0.36 


.00 


0.48 


.00 


3.75 


2.14 


0.15 


0.05 



Silica 

Alumina and Iron oxide . . 

Calcium carbonate 

Magnesium carbonate 

Alkalies as K,0 

Sulphur trioxide 

Combined water 

Moisture 

L. G. Michael, analyst. 
2 



17.45 

/ 9.15 

15.75 

54.07 

4.11 

2.53 

1.67 

5.57 

0.25 
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There is practically no stripping at this point and the two 
lines of railway which enter the town could easily be extended 
to favorable outcrops. 

In Allamakee county, the Galena-Trenton beds exposed 
north of Waukon very closely resemble those exposed in the 
Decorah section. Transportation facilities are not good at the 
present time and no analyses were made. 

It may be noted from the analyses of the shales of the 
Galena-Trenton that all carry a low 'percentage of silica and 
relatively high percentages of alumina, iron and lime. The silica, 
iron-alumina ratio varies from less t^an unity in the Decorah 
shale to less than two and four-tenths in the Zollicoffer Lake 
shale. The limestones are as a rule of fair quality as far as the 
presence of magnesia and sulphur are concerned. Practically all 
of the limestones analyzed carry a considerable percentage of 
silica, but at the same time they carry a relatively higher per- 
centage of iron and alumina which does not remedy the silica 
deficiency in the shales. 

The Maquoketa shales appear at no great distance from the 
Platteville limestone throughout the region. • Excellent sections 
aggregating fifty to sixty feet are exposed near Edgewood in 
Clayten county. The analyses given below may be considered 
to be fairly representative for the Clayton county Maquoketa. 





1 


2 


Silica 


52.29 
20.64 
5.16 
1.89 
1.12 
2.77 
8.27 
5.17 

2.76 


44. S9 
13.72 
7.80 
7.88 
6.05 
1.56 
5.29 
11.18* 

0.89 




Alumina 

Iron oxide 

Lioae 




Macrnfisia 




Potash 

Soda 




Pnmbinad water 




Moisture, sulphur tri- ' 
oxide and CO»... j 
Moisture •* . 





J. B. Weems, analyst. 
.Sample 1. S jerry Township. 
Sample 2. Newberry Park. 
* Contains the carbon dioxide in addition to combined water. 

The Maquoketa shale, as in the case of the shales in the 
Galena-Trenton, is low in silica and relatively high in lime, 
magnesia and the alkalies. 
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THE NIAGARA LIMESTONE. 

Professor T. E. Savage, in his report on the Geology of 
Fayette county reports the non-dolomitic character of the Niagara 
limestone exposed in northern Fayette county. The sections 
near Auburn Mills were revisited, samples collected and analyses 
made. The results are tabulated below with a number of 
analyses of Maquoketa shales exposed in the immediate vicinity 
and other portions of Fayette county. 



1. 



3. 



4. 



6. 



Silica 

Alnmina 

Iron cxide 

Lime carbonate 

Lime 

Magnesium carbonate 

Magnesia 

Soda 

Potash 

Moistnre 

Loss on ignition , 

Snlphnr trioxide 



49.60 
6.36\ 
6.25/ 



0.68 

0.50 

98.52 



22.45 



0.20 
0.35 
0.90 



13.56 
37 



11.95 

2.80 

84.80 



33.82 
7.83\ 
1.92/ 



0.45 



31.73 



1.52 
1.82 
4.25 



7.55 

3.43 

78.69 

2.40 



15.60 
1.62 



6.90 
0.84 



18.31 

3.60 

73.48 

3.10 

0.08 
1.52 



L. G. Michael, analyst. 

1. Maquoketa shale, Auburn Mills. Average samples. 

2. Niagara limestones, Auburn Mills. Average samples. 

3. Argillaceous limestone, near Clermont. 

4. Shale near Clermont. 

5. Natural cement rock near Clermont. 

6. Shaly limestone near base of Maquoketa at Elgin. 

Auburn Mills is an inland town and while both shale and 
limestone are exposed in unlimited quantities they are not avail- 
able commercially at the preseat time. 

THE DEVONIAN. 

FLOYD COUNTY. 

The Cedar Valley limestone and the Lime Creek shales and 
marls are the only portions of the Devonian included in this 
investigation. Analyses were made from materials selected from 
sections exposed at Rockford, Lithographic City, Osage, the 
"Clay Banks" near Portland, and Mason City. 

The beds exposed in the pit of the Cream City Brick and 
Tile Company near Rockford are as follows: 
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than Rockford in Floyd county, and the **Clay Banks" in Cerro 
Gordo county. 

MITCHELL COUNTY. 

Similar beds of limestone extend into Mitchell county. An 
average sample from the Gabl« quarry near Osage was analyzed; 
the results arc given below: 

Calcium carbonate 90.17 

Mas^nesitim 'carbodate 1.03 

' Iron and alumina 3.82 

Intoluble • 2.21 

Moisture and organie matter. . 2.63 

A. O. Anderson, analyst. 

While the limestone is sufficiently pure for cement here, as in 
the case of Lithographic City, suitable shales are not available. 

CBRRO QORDO COUNTY. 

The shales and marls exposed in the vicinity of Rockford are 
believed to be more or less continuous with those exposed at the 
'*Clay Banks" near Portland and at Mason City. Near Lime 
creek there is very little stripping over the beds, in many cases 
not sufficient to support a sod. While no outcrops are known 
directly on the railroads, save at Mason City, numerous outcrops 
are within easy reach of several trunk lines. At the '*Clay 
Banks" the following section is exposed facing directly on Lime 
creek, and continuing for a distance of about one mile. 

Feet 
5. Shale, calcareous or marl; in some places 

indurated layers appear 3 

4. c Cap rock, variable in thickness 1 

3. Marl, highly fossiliferous; containins 

occaiional hard bands 20 

2. Shale, non-fossiliferous, weathered yellow... 10 
1. Shale, bluish-g:ray to blue and becoming 
highly plastic on weathering; non -fossilifer- 
ous ^. 40 

A hard compact limestone outcrops in the creek and forms the 
floor upon which the above section rests. 

Samples selected from this section were analyzed; the results 
are given in the table below, the numbers corresponding to the 
numbers in the section. Three samples were selected from the 
marl comprising number 3 in the section, of which 3a was taken 
from the indurated layers. 
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Analysis of clay shales and marls from the 'clay banks^ near Portland, 
Cerro Gordo county. 



No.l N©.2 No 3 N©. 3a No. 3b No. 4 



No. 5 



MoiatUTe 

Combined water. 

Silica 

Alumina 

Perric oxide 

Lime 

Magnesia 

Sulphur trioxid 3 . 

Soda 

Potash 

Carbon dioxide. . 



1.21 


1.00 


0.73 


0.35 


0.75 


0.68 


3.29 


0.76 


2.72 


0.17 


3.67 


2.44 


49.93 


50.15 


20.26 


5.36 


20.82 


7.59 


20.23 


19.68 


11.28 


3.79 


11.55 


5.62 


4 32 


4.08 


2.76 


1.20 


2.76 


1.56 


6.70 


9.78 


31.42 


48.18 


30.01 


44.34 


2.79 


2.26 


3.44 


2.70 


4.01 


3.22 


1.14 


1.18 


2.09 


1.02 


1.19 


0.51 


2.17 


1.03 


0.50 


0.27 


0.72 


0.29 


2.25 


1.62 


1.09 


0.46 


1.41 


. 0.48 


6.05 


8.54 


23.56 


35.73 


23.05 


33.39 



0.93 
2.04 

27.26 

19.15 
4.32 

16.47 
2.23 
1.11 
1.55 
2.20 

12.59 



J. B. Weems, analyst. 

The stripping is of variable' thickness but usually thin. The 
limestone at the base rises toward Portland, occurring in both 
banks of Lime creek, and aggregating fifteen to twenty feet in 
thickness with practically no covering. No analyses were made 
but the section appears to be identical with the upper portion of 
the limestone section exposed at Mason City. The "Clay 
Banks" are about equally distant from the Iowa-Dakota division 
of the Chicago, Milwaukee & Saint Paul and the Fox Lake 
division of the Chicago and Northwestern railways. 

At Mason City, the shales and marls appear some distance 
to the south and west of Lime creek while there is an almost 
continuous section of limestone along Willow, Calamus and 
Lime creeks. The section at the quarries of the Mason City 
Lime and Cement Company is as follows: 

Feet 
3. Limestone, Stromatapora zone, which in 
weathering presents a concretionary 

appearance 10-15 

2. Limestone, white, compact and brittle, in 

rather thin beds . 12 

1. Dolomite or at least dolomitic limestone; 
sub -crystalline, brown, exposed above 
low water in Lime creek 10 

The several members in the above section disappear a short 
distance east but reappear at Portland. They form almost an 
unbroken section to the northwest and can be traced to Fertile, 
in Worth county, some fifteen miles distant. 
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The shales and marls are exposed south and west of the city. 
Imtnediatcly west of the Fairgrounds, along a small creek, the 
following section is exposed: 

Feet 

2. Marl, weathered yellow 12 

I. Shale clay, blue-gray, becoming very plastic 

when weathered. Exposed 20 

The shales are known to attain a thickness of some forty 
feet southwest of the city in the pits of the brick companies. 
Analyses were made of all of the members in the above sections 
and the results are given below. 





1. 


2. 


3. 


4. 


5. 


6. 


Silica 

Alumina .... 

Ferric oxide J 

Calcium carbonate 

Magnesium carbonate 

Alkalies as K^O 


35.23 

21.09 

32.84 
3.94 

* 3.'ii* 

4.26 
0.12 


54.56 

30.62 

4.10 
2.13 
2.32 
2.30 
4.19 
0.30 


51.95 
j 18.34 
i 7.56 
4.14t 
3.26t 
4.12 
2.76 
7.49* 
0.42 


0.72 

0.91 

94.22 
1.32 


0.63 

0.71 

97.48 
0.99 


54.64 

/ 14.62 

I 6.45 

9.21 

6.09 

5 89 


Sulphur trioxide 

Combined water 

Moisture 


0.98 
2.46 
0.05 


"6!si' 


3.74 
0.85 



* Combined water and carbon dioxide. 

t These percentages are of oxides instead of carbonates. 

1. Marl from exposure west of Fairgrounds. 

L. G. Michael, analyst. 

2. Shale from exposure west of Fairgrounds. 

L. G. Michael, analyst. 

3. Shale from pit of American, Brick and Tile Com- 

pany. J. B. Weems, analyst. 

4. Stromatopora limestone, qtiarry of Mason 

City Lime & Cement Company. 

L. G. Michael, analyst. 

5. Mason City White Limestone, quarry of 

Mason City Lime & Cement Company. 

A. O. Anderson, analyst. 

6. Shale from pit of Mason City Brick and Tile 

Company. G. E. Patrick, analyst. 

The marls and shales are known to extend over a large area 
and are easily reached, as there is but little cover over them. 
Both the limestones and the shales are within easy reach of the 
railways which enter the city. 

It will be noted that all of the Devonian limestones analyzed 
are essentially pure, carrying very small percentages of magnesia 
and sulphur. All of the shales are calcareous and grade insen- 
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sibly into marls. They carry from less than two to more than 
eight per cent of magnesium carbonate, and are comparatively 
low in sulphur trioxide. Calculating the magnesium as an oxide 
it reduces to from less than one to about four per cent, not 
enough when blended with the limestone to be a serious con- 
sideration in the manufacture of Portland cement. All of the 
shales are comparatively low in silica and high in alumina and 
iron, a much more important consideration than the question of 
sulphur and magnesia. According to the best authorities the 
shales used in the manufacture ot Portland cement, when used 
with pure limestones, should carry at least 55 per cent of silica, 
preferably 60 or 70 per cent, and in any event at least twice the 
sum of the alumina and ferric oxide. *Eckel states that the 
composition in terms of silica, alumina and ferric oxide should 
fall within the following limits. 

SiO, SiOj 

— > 2 : < 3.5 

AljO, + FegOs AlgOs + FcjOg 

Now it is apparent from a casual inspection of the analy;ses 
that the silica ratio for the various shales and marls varies from 
less than 2 to about 2.8 per cent, and in order to secure the 
best composition the addition of silica may be found desirable. 
THE LOWER CARBONIFEROUS. 
Deposits belonging to the Kinderhook, Saint Louis and Coal 
Measures are included in the present investigation.' The Kinder- 
hook was observed at various points in Hardin and Humboldt 
counties, but samples were collected and analyzed from only the 
latter county. The Saint Louis was investigated only at Liver- 
more in Humboldt county, while the Coal Measures were studied 
at a number of points in addition to those already mentioned. 

WEBSTEB COUNTY. 

Highly siliceous shales are available along the Des Moines 

river between Fort Dodge and Lehigh in Webster county, and 

along the Iowa Central railway in Hardin county. An average 

sample was selected from the pit of Johnston Brothers Clay 

Works at Kalo, in Webster county. The analysis is given below: 

Silica 70.20 

Alamina 16.70 

Iron oxide 4.00 

Lime 0.28 

Magnesia 0.63 

Potash 1 . 75 

Soda 1.39 

Combined water 3. 70 

Sulphur trioxide 0.82 

Moisture ; 0.53 

* Cements, Limes and Plasters, pa?e 305, 1905. 
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The Chicago Great Western railway reaches the shales 
of the Des Moines river district, though not the pit from which 
the sample was selected for analysis. 

A sample selected from the pit of the Eldora Pipe and Tile 
Company in Hardin county gave the following results: 

Silica *. 72 . 09 

Alumina 16.24 

Iron oxide '. • 1 . 08 

Limt 0.48 

Magnesia '. . 43 

Potash 1.08 

Soda 0.77 

Sulphur trioxide 0. 14 

Combined water 5. 18 

Moisture 2.46 

The Atlas Cement Company ship a portion of the shaUs 
used at their Hannibal, Mo., plant a distance of sixty miles, while a 
considerable portion is miped on the premises. Siliceous shale 
can no doubt be found at other points within reach of Mason 
City, Rockford and Portland. 

HARDIN COUNTY. 

Beds low m magnesia constitute the lower portion of the 
Kinderhook section in Iowa Falls and in the quarries of the Ells- 
worth Stone Company and the Barber Asphalt Company. They 
are overlain By from ten to thirty feet of sub-crystalline dolomite 
in addition to a thin veneer of alluvium and surface wash. West 
of Iowa Falls, from the Ivanhoe quarries to Alden, the dolomitic 
beds have been removed along the Iowa river and the limestone 
appears almost continuously in one or both banks of the river, 
rising from five to twenty feet above low water level. The over- 
burden amounts to but little near the river but thickens greatly in 
the bluffs. A representative section at Alden on the river front 

is as follows: 

Feet. 

3. Alluvium, drift and wash 3 

2. Limestone, more or less evenly bedded; sim- 
ilar to No. 1; a marly or shaly band separates 

Nos. 1 and 2 generally 12 

1. Limestone, light-gray, hard sub -crystalline • 
and oolitic texture. The upper surface 
somewhat undulating while the lower 4 feet 
shows cross-bedding S 
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The beds are much rifted and shattered. Individual layers 
rarely four or five inches in thickaess dip to the southwest. The 
entire assemblage disappears up the river about the corporate 
limits of the town. The Iowa Falls branch of the Chicago & 
Northwestern railway runs near the line of outcrop of these beds. 
Satisfactory shales are not easily accessible in the near vicinity. 
At the **Hone8tone quarries" west of Iowa Falls the Coal Meas- 
ure shales appear in the north bank of the river. The section is 
appended herewith: 

Feet. 

5. Drift 40-90 

4. Sandstone, fine grained, slightly argil- 
laceous, forming a projecting ledge 2-5 

3. Shale, arenaceous, blue-gray and but 
slightly indurated. Certain hard lay ex s 
appear throughout the section * . . . 30 

2. Shale, blue, fissile; in some places almost 

black 15 

1. Limestone, dolomitic, weathered, exposed 

above the water level 1+ 

No analyses have yet been made of either the limestone or the 
shale. It is believed, however, that the limestone is essentially 
free from magnesia and sulphur, and that the shale number 2 in 
the Honestone section is highly siliceous and probably of suitable 
composition to blend with the limestone in the manufacture of 
Portland cement. It could be produced, however, only by 
mining. Further investigation is necessary to demonstrate the 
merits of both limestone and shale. The shale beds could be 
reached by extending the switch which now reaches the plant of 
the Iowa Falls Brick and Tile Company. 

HUMBOLDT COUNTY. 

The Kinderhook limestone beds outcrop near the Minneapolis 
and Saint Louis railway in the southern part of the city of Hum- 
boldt and present an almost continuous exposure on the river 
for more than a mile. The same beds outcrop near ihe Chicago 
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and Northwestern railway north of the city, and near Rutland 
about five miles to the northwest. The section exposed below 
the dam in Humboldt is given below: 

Feet 
4. Alluvial wash, variable in thickness; on 

top of terrace about 3 

3. Limestone, oolitic, rather coarse 

grained, gray to white 10 

2. Limestone, compact, gray white, a 
gradation from No. 1 but fewer fos- 
sils present and apparently less brec- 

ciated 2 

1. Limestone, brecciated and filled with 
casts of fossils, chiefly brachiopods; 
very compact and brittle in outcrop; 
bedding planes not apparent. Exposed 
above low water 4 

The section rises toward the town and the oolite probably 
shows a greater thickness than is indicated in the above section. 
All of the beds dip perceptibly up stream. An average sample 
was taken from the above section and analyzed. The result is 
given below: 

Insoluble 0.50 

Iron oxide and alumina 1.12 

Calcium carbonate 97.20 

Magnesium carbonate 2.00 

Total.... 100.82 

Analyzed by A. O. Anderson, from sample collected by C. M. 
Morgan . 

To the west, just across the Humboldt county line, near Gil- 
more, extensive limestone beds, belonging to the Saint Louis, 
appear near the surface. According to McBride in his Humboldt 
county report the Gilmore section is as follows: 

Feet 

10. Alluvium, surface soil, etc 6 

9. Coarse sand and gravel 3 

8. Bowlder clay, much weathered 2-4 

7. Limestone, coarse-grained, crystalline 20 

6. Shale, blue, with clay and limestone; fossil- 

iferous 2 

5. Limestone, lithographic, inclined to angu- 
lar fracture 1 j^ 

4. Limestone, fine-grained, heavy-bedded and 

non-fossiliferous 3 

3. Limestone, shaly with few fossils 1 

2. Limestone, fossiliferous, coarse-grained.. 1 
1. Limestone, lithographic 2 
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An analysis was made of the principal member in the above 
section and is given herewith: 

Silica 0.32 

Alumina and iron 

Calcium carbonate 99.62 

Water and undetermined 0.06 

J. B. Weems, analyst. 

A casual inspection of the analysis shows the limestone to 
be almost absolutely pure. The quarries are within easy reach 
of the Des Moines and Ruthven division of the Chicago, Rock 
Island and Pacific railway. 

THE COAL MEASURES. 

Extensive limestone beds are to be found in the upper Coal 
Measures in southwestern Iowa. In Madison county the Beth- 
any limestone forms an almost continuous escarpment diagonally 
across the county from Peru by way of Winterset to Earlham. 

Near Earlham two quarry companies have operated exten- 
sively, and are directly connected with the main line of the Rock. 
Island railway. The sections exposed are as follows: 

QUABRT BECTIOir, EARLHAM LAND COMPANT. 

Located about one and one-half miles south of railway station in Earlham 

Feet. 

4. Loess and drift, of Tariable thickness.. 10 to 14 

3. Limestone, in regular beds, with shale 

parting near the middle 9 

2. Limestone, less evenly bedded than 

the Above, hard and brittle 6 

1. Sandstone, calcareous and shaly, 

exposed 

QUARBT SECTION O]* 6. A. ROBERTSON. 

Located about two miles east of railway depot In Earlham. 

Feet. 

7. Loess and drift, variable 2 to 8 

6. Limestone, gray to buflf, evenly 

bedded 2 

5. Limestone, irregularly bedded, with 

some cherts 3 

4. Limestone, evenly bedded, becoming 

shaly near the middle 4 

3. Limestone, shattered, unevenly bedded, 

cherty 1J< 

2 . Limestone, rather evenly bedded above, 

and unevenly bedded below. Hard 

and compact but in thin ledges 6 

1. Sandstone, calcareous and shaly, 
exposed 
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A composite sample was selected from the Robertson quarry 
and analyzed: The result of the analysis is given below; 

Insoluble 7.85 

Iron oxide and alumina 1 00 

Calcium carbonate 91.15 

Magnesium carbonate 0.61 

L. G. Michael, analyst. 

Similar limestone deposits are to be found southwest of Des 
Moines along the Chicago Great Western railway at Peru. 
According to T. E. Savage, Assistant State Geologist^ the beds 
exposed at this point are as follows: 

Feet Inches 

10. Yellow colored loess 5te 8 

9. Drift, reddish brown above grading down te gray below; 

containing numerous bowlders in the lower portion 9 to 15 
8. Gray or yellowish limestone, argillaceous, fine-grained; 
in three layers respectively 15, 18 and 12 inches in 

thickness. Much stained in upper part 3 9 

7. Bluish colored shale, with a band of limestone 1-5 inches 

in thickness near the middle portion 10 

6. Dense, gray limestone, in layers 16, 24, 6, and 16 inches 

in thickness 5 4 

5. Band of gray shale 8 

4. Layer of gray limestone, crinoidal in lower portion 2 6 

3. Ledge of gray limestone similar to number 4 above, in 
two layers respectively 12 and 30 inches in thick- 
ness 3 6 

2. Band of grayisb-blue shale 10 

1. Talus slope with occasional outcrops of limestone, to level 

of flood plain 20 

According to Mr. Savage the bluff continues a distance 
of one-half mile along Clanton creek. A composite sample was 
selected from the limestone members ot the above section and 
analyzed, and the results of the analysis are given below: 

Silica 17. 16 

Iron oxide and alumina 2.64 

Calcium carbonate 72.76 

Magnesium carbonate 2.86 

Sulphur trioxide 0.95 

Moisture 0.30 

Combined water 3. 12 

Analyzed by L. Gr. Michael. 

The shales in this neighborhood have not been investigated. 

None of the exposures are on more than a smgle line of railway. 

Winterset and Earlham are on the Chicago, Rock Island and 
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Pacific, while Peru is on the Kansas City Division of the Chicago 
Great Western. 

Shales of excellent quality outcrop in and about Des Moines, 
and a cement plant located at this place would have the advan- 
tages of unrivaled railway facilities, cheap fuel, and an abund- 
ance of shale of suitable quality for the manufacture of Portland 
cement. A large number of analyses have been made from the 
shales exposed in the pits of the different brick plants in the 
city. The pit of the Flint Brick Company may be considered to 
be fairly representative. The principal beds exposed arc about 
as follows: 

Feet 
5. Shale, variegated, stained yellow where 

weathered 10+ 

4. Shale, red and bluish-gray, laminated 6 

3. Shale, brick red in color, clean, unctuous.. 4 

2. Shale, light gray, silicious 2 

1. Shale, blue, exposed 20+ 

In the clay investigation the report of which is published in 
Volume XIV of the Iowa Survey reports several analyses were 
made from the above section. One of the most important of 
these was the analysis of a green brick which doubtless 
approximates the run of the pit. For comparison an average 
sample was selected from the middle of the pit section. The 
results of these analyses are given below: 

No. 1. No. 2. 

Silica 63.75 61..36 

Alumina 19.78 22.12 

FerriQ oxide 5.75 6.07 

Ume 1.55 1.90 

Mskgnesia 1.22 0.80 

Potash \ 0.54 \ , «« 

Soda / 1.20/ ^•'^^ 

Combined wate* 2.83 4.52 

Moisture, sulphur trioxide and car- 
bon dioxide 3.88 2.01 

1. Green brick. Flint Brick Company, J. B. 

Weems, analyst. 

2. Middle of pit section, Flint Brick Company, 

L. G. Michael, analyst. 

The shale outcrop continues some distance north of the Flint 
plant and the removal of almost no overburden is necessary for 
the development of the section. The interurban railway con- 
nects the district with all of the railways entering Des Moines. 
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The Coal Measure shales outcrop at numerous other points 
in and about the city, although equally good sections free from 
stripping within easy reach of a railroad are not known. 

THE CRETACEOUS. 
Limestone, chalk and shale are abundant in the Cretaceous 
beds of northwestern Iowa. No extensive deposits of limestone 
and chalk, easily obtainable, are known however. As a rule 
both occur in comparatively thin beds and are deeply buried by 
the drift and other worthless materials. No samples were col- 
lected or analyses made of these materials during the present 
investigation. 
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